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disadvantages of a public kind which impede its progress. 


RULES. 

Admission of Members and Associates. 

All persons who have attended the first Meeting shall be entitled 
to become Members of the Association, u^jon subscribing an obligation 
to conform to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical InstituHon recommended by its Coun- 
cil or Managing Committee shall be entitled, in like manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall be elected by the 
General Committee or Council, to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting. 

Compositions, Subscriptions, and Privileges. 

Life Membt^rs shall pay, on admission, the sum of Ten Pounds. They 
shall receive graj'tbicouslij the Reports of the Association which may be 
published after the date of such payment. They are eligible to ail the 
oflBces of the Association. 

Annual Subscribers sliall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
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gratvitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that and 
all future years the privilege of receiving the volumes of the Association 
gratis ; but they may resume their Membership and other privileges at any 
subsequent Meeting of the Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the Ofl&ces of the Association, 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership after 
intermission of Annual Payment ] 

4. Annua] Members admitted in any year since 1889, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis^ or to inarhase it at reduced (or Members’) 
price, according to the following specification, viz. : — 

1. Gratis. — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and ])revious to 1845 a further 
sura of Two Pounds as a Book Subscription, or, since 1815, 
a further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not mterrnitted their Annual Sub- 
scription. 

2. At reduced or Members' Price, viz., two-thirds of the Publication Price. 

— Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
tliat year only.] 

8. Members may purchase (for the purpose of completing their sets) any 
of the volumes of the Reports of the Association up to 1874, 
(f ivhich more than 15 copies remain, at 2.9. 6d. per volume.^ 

Application to he made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 

* A few complete sets, 1831 to 1874, are on sale, at £10 the set. 



XXVI 


BULXS OF THE ASSOCIATION. 


Meetings. 

Thd Association shall meet annnally, for one week, or longer. The 
place of each Meeting shall be appointed by the Grenoral Committee two 
years in advance ; and the arrangements for it shall be entrusted to the 
Officers of the Association. 

General Committee. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons : — 

Class A. Permanent Members. 

1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which are taken into considera- 
tion at the Sectional Meetings of the Association. With a view of sub- 
mitting new claims under this Rule to the decision of the Council^ they must 
he sent to the Secretary at least one month before the Meeting of the Associa- 
tion. The decision of the Council on the claims of any Member of the Associa- 
tion to be jjlaced on the list oj the General Committee to be final. 

Class B. Temporary Members.* 

1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained. Claims under this Rule to he sent to the 
Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this Rule to he approved by the Local Secretaries 
before the opening of the Meeting. 

3. Foreigners and other individuals whose assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 


Organising Sectional Committees.'^ 

The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council, and have power to act until their 
names are submitted to the General Committee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,* and of preparing Reports 

* Revised by the General Committee, 1884. 

* Passed by the General Committee, Edinburgh, 1 871 . 

* Notice to Contributors of Memoirs. — Authors are reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
they are to be read, are now as far as possible determined by Organising Committees 
for the several Sections before the beginning of the Meeting. It has therefore become 
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thereon, and on the order in which it is desirable that they should be 
read, to be presented to the Committees of the Sections at their first 
meeting. The Sectional Presidents of former years are ex officio members 
of the Organising Sectional Committees.^ 

An Organising Committee may also hold such preliminary meetings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
11 A.M., to nominate the first members of the Sectional Committee, if 
they shall consider it expedient to do so, and to settle the terms of their 
report to the General Committee, after which their functions as an 
Organising Committee shall cease. ^ 

Constitution of the Sectional Committees 

On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section having been appointed by the 
General Committee, these Officers, and those previous Presidents and 
Vice-Presidents of the Section who may desire to attend, are to meet, at 
2 P.M., in their Committee Rooms, and enlarge the Sectional Committees 
by selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. The Sec- 
tional Committees thns constituted shall have power to add to their 
number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 a.m. on the next day in the Journal of 
the Sectional Proceedings. 

Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday at 2 P M., on the 
following Thursday, Friday, Saturday,^ Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Rules of the Association, 
and specified below. [The arrangements for sectional meetings, adopted at 
the Cardiff meeting, will be continued at Edinburgh in 1892, see p. Ixxxiv. J 

The business is to be conducted in the following manner : — 

1. The President shall call on the Secretary to read the minutes of 

the previous Meeting of the Committee. 

2. No paper shall be read until it has been formally accepted by the 

necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, that each author should prepare an Abstract of his Memoir 
of a length suitable for insertion in the published Transactions of the Association, 
and that he should send it, together with the original Memoir, by book-post, on or 

before addressed to the General Secretaries, at the office of 

the Association. ‘For Section ’ If it should be inconvenient to the Author 

that his paper should be read on any particular days, he i.s requested to send in- 
formation thereof to the Secretaries in a separate note. Authors who send in their 
Mss. three complete weeks before the Meeting, and whose papers are accepted, 
will be furnished, before the Meeting, with printed copies of their Reports and 
abstracts. No Report, Paper, or Abstract can be inserted ir the Annual Volume 
unless it is handed either to the Recorder of the Section or to the Secretary, b^ors 
the conchmon of the Meeting. 

> Sheffield, 1879. » Swansea, 1880. » Edinburgh, 1871. 

* The meeting on Saturday is optional, Southport, 1883, 
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Committee of the Section, and entered on the minutes accord- 

ingly. 

3. Papers which have been reported on unfavourably by the Organ- 
ising Committees shall not be brought before the Sectional 
Committees.^ 

At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
of Recommendations adopted at the last Meeting of the Association 
and printed in the last volume of the Report. He will next proceed to 
read the Report of the Organising Committee.^ The list of Communi- 
cations to be read on Thursday shall be then arranged, and the general 
distribution of business throughout the week shall be provisionally ap- 
pointed. At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 A M. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, the list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 a m. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Ahbtracfs 
of Memoirs furnished by Authors, are to be forwa.rded^ at the close of the 
‘Sectional Meetinqs, to the Secretary. 

The Vice-Presidents and Secietaries of Sections become ex officio 
temporary Members of the General Committee (vide p. xxvi), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the 
state and progress of which Reports are wanted ; to name individuals or 
Committees for the execution of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Memheis of the Committee should he named, and 

• These rules were adopted by the General Committee, Plymouth, 1877. 

This and the following bentence were added by the General Committee, Edin- 
burgh, 1871. 
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one of them appointed to act as Chairman, who shall have notified per- 
sonally or in writing his willingness to accept the office, the Ghai/rman to have 
the respovsihility of receiving and disbursing the grant (if any has been made) 
and securing the presentation of the Report in due time; and further, it is 
expedieni that one of the members should he appointed to act as Secretary, for 
ensuring attention to business. 

That it is desirable that the number of Members appointed to serve on a 
Committee should he as small as is consistent with its efficient working. 

That a tabular list of the Committees appointed on the recommendation 
of each Section should be sent each year to the Recorders of the several Sec- 
tions, to eru ble them to fill in the statement whether the several Committees 
appointed on the recommendation of their respective Sections had presented 
their reports. 

That on the proposal to recommend the appointment of a Committee for a 
special object of science having been adopted by the Sectional Committee, the 
number of Members of such Committee he then fixed, hut that the Members to 
serve on such Committee he nominated and selected by the Sectional Com- 
mittee at a subsequent 7neetmgl 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each IS to be forwarded, without delay, to the Secretary for presentation 
to the Committee of Eecommendations. Ufile'^s this be done, the Recom- 
mendations cannot receive the sanction of the Association. 

N.B. — Recommendations wliich may originate in any one of the Sections 
must first he sanctioned, by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
General Committee. 

The Committees of the Sections shall ascertain whether a Report has 
been made by every Committee appointed at the previous Meeting to whom 
a sum of money has been granted, and shall report to the Committee of 
Recommendations in every case where no such Report has been received.^ 


Notices regarding Grants of Money. 

Committees and individuals, to whom grants of money have been 
entrusted by the Association for the prosecution of particular researches 
in science, are required to present to each following Meeting of the 
Association a Report of the progress which has been made ; and the 
Chairman of a Committee to whom a money grant has been made must 
forward to the General Officers, before July 1, a statement of the sums 
which have been expended, with vouchers, and the balance which 
remains disposable on each grant. 

Grants of money sanctioned at any one Meeting of the Association 
expire on June 30 following; nor is the Treasurer authorised, after that 
date, to allow any claims on account of such grants, unless they be 
renewed in the original or a modified form by the General Committee. 

No Committee shall raise money in the name or under the auspices 
of the British Association without special permission from the General 

* Revised by the General Committee, Bath, 1888. 

* Passed by the General Committee at Sbeftield, 1879. 
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Committee to do so ; and no money so raised shall be expended except in 
accordance with the rules of the Association. 

In each Committee, the Chairman is the only person entitled 
to call on the Treasurer, Professor A. W. Rucker, F.R.S., Burlington 
House, London, W., for such portion of the sums granted as may from 
time to time be required. 

In grants of money to Committees, the Association does not contem- 
plate the paymcmt of personal expenses to the members. 

In all cases where additional grants of money are made for the con- 
tinuation of Researches at the cost of the Association, the sum named is 
deemed to include, as a part of the amount, whatever balance may remain 
unpaid on the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Associa- 
tion are to be deposited at the Office of the Association, when not 
employed in carrying on scientific inquiries for the Association. 

Business of the Sections, 

The Meeting Room of each Section is opened for conversation from 
10 to 11 daily. The Section Rooms and approaches thereto can he used fur 
no notiresy exhihitionSy or other purposes than those of the Association, 

At 11 precisely the Chair will be taken, ^ and the reading of communi- 
cations, in the order previously made public, commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 

A Report presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author. 

Duties of the Doorkeepers, 

1. To remain constantly at the Doors of the Rooms to 'which they are 

appointed during the whole time for which they are engaged. 

2. To require of every person desirous of entering the Rooms the ex- 

hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 

Ticket, signed by the Treasurer, or a Special Ticket signed by the 

Secretary. 

3. Persons unprovided with any of these Tickets can only be admitted 

to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the programme, p. 1. 

Duties of the Messengers, 

To remain constantly at the Rooms to which they are appointed dur- 
ing the whole time for which they are engaged, except when employed on 
messages by one of the Officers directing these Rooms. 

’ The sectional meeting’s on Saturday and on Wednesday may begin at any time 
which may be fixed by the Committee, not earlier than 10 or later than J 1. Passed by 
the General Committee at Bath, 1888. 
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Committee of Recommendations* 

The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

Presidents of the Association in former years are ex officio members of 
the Committee of Recommendations.* 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, anu Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations. 

All proposals for establishing new Sections, or altering the titles of 
Sections, or for any other change in the constitutional forms and funda- 
mental rules of the Association, shall be referred to the Committee of 
Recommendations for a report.^ 

If the President of a Section is unable to attend a meeting of the 
Committee of Recommendations, the Sectional Committee shall be 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, duo notice 
of the appointment being sent to the Assistant General Secretary.® 

Corresponding Societies} 

1. Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

2. Application may be mad6 by any Society to be placed on the 
List of Corresponding Societies. Applications must be addressed to the 
Secretary on or before the 1st of June preceding the Annual Meeting at 
which it IS intended they should be considered, and must be accompanied 
by specimens of the publications of the results of the local scientific 
investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
published by them. This Committee shall make an annual report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

4. Every Corresponding Society shall return each year, on or before the 
1st of June, to the Secretary of the Association, a schedule, properly filled 
up, which will be issued by the Secretary of the Association, and which will 
contain a request for such particulars with regard to the Society as may 
be reqnired tor the information of the Corresponding Societies Committee. 

5. There shall be inserted in the Annual Report of the Association 

* Passed by the General Committee at Newcastle, 186.S 

* Passed by the General Committee at Birmingham, 18G5. 

* Passed by the General Committee at Leeds, 1890. 

* Passed by the General Committee, 1884. 
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a list, in an abbreviated form, of the papers published ,bj the Corre- 
sponding Societies daring the past twelve months which contain the 
results of the local scientific work conducted by them ; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

G. A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Member of the Association, as its dele- 
gate to the Annual Meeting of the Association, who shall be for the time 
a Member of the General Committee. 

Conference of Delegates of Corresponding Societies. 

7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the General Committee. 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Vice-Chairmen, and Secre- 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Committee shall be ex offi-cio members. 

9. The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10 The Secretaries of each Section shall be instructed to transmit to 
the Secretaries of the Conference of Delegates copies of any recommen- 
dations forwarded by the Presidents of Sections to the Committee of 
Recommendations bearing upon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into effect. 

11. It will be the duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the Confer- 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of publishing results. 


Local Committees, 

Local Committees shall be formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 

Officers. 

A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 
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CoundL 

In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 

(1) The Couneil shall consist of ^ 

1. The Trustees. 

2. The past Presidents. 

3. The President and Vice-Presidents for the time being. 

4. The President and Vice-Presidents elect. 

5. The past and present General Treasurers, General and 

Assistant General Secretaries. 

6. The Local Treasurer and Secretaries for the ensuing 

Meeting. 

7. Ordinary Members. 

(2) The Ordinary Members shall be elected annually from the 

General Committee. 

(3) There shall be not more than twenty-five Ordinary Members, of 

whom not more than twenty shall have served on the Council, 
as Ordinary Members, in the previous year. 

(4) In order to carry out the foregoing rule, the following Ordinary 

Members of the outgoing Council shall at each annual election 
be ineligible for nomination : — 1st, those who have served on 
the Council for the greatest number of consecutive years ; and, 
2nd, those who, being resident in or near London, have 
attended the fewest number of Meetings during the year 
— observing (as nearly as possible) the proportion of three by 
seniority to two by least attendance. 

{6) The Council shall submit to the General Committee in their 
Annual Eeport the names of the Members of General Com- 
mittee whom they recommend for election as Members of 
Council. 

(6) The Election shall take place at the same time as that of the 
Officers of the Association. 

Fajpers and Communications^ 

The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 

A ccounts. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 

* Passed by the General Committee, Belfast, 1874. 
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Presidents and Secretaries of the Sections of the Association. 


Date and Place Presidents Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, I. — MATHEMATICS AND GENERAL PHYSICS. 

1832 Oxford .... Davies Gilbert, D.C.L , P.R S Rev H. Coddington. 

1833. Cambridge Sir D Brewster, F R S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewell, F.R.S. Prof. Forbes, Prof. Lloyd. 


SECTION A. — MATHEMATICS AND PHYSICS. 

1836. Dublin Rev. Dr. Robinson Prof. Sir W. R. Hamilton, Prof. 

Wheatstone. 

1836. Bristol Rev. William WliewelRF.R.S. Prof. Forbes, W. S. Harris, F. W. 

Jerrard. 

1837. Liverpool... Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, 

Prof. Stevelly. 

1838. Newcastle Sir J. F, W. Herschel, Bart., Rev. Prof Cbevallier, Major Sabine, 

F.R.S. Prof Stevelly. 

1839. Birmingham Rev. Prof. Wliewell, F.R.S.... J. D. Chance, W. Snow Harris, Prof . 

Stevelly. 

1840. Glasgow ... Prof. Forbes, F.R.S Rev. Dr Forbes, Prof. Stevelly, 

Arch. Smith. 

1841. Plymouth Rev. Prof, Lloyd, F.R S Prof. Stevelly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof M‘Culloch, Prof. Stevelly, Rev. 

F.R S. W. Scoresby. 


1843. Cork Prof. M‘Culloch, M.R.I.A. ... J. Nott, Prof. Stevelly. 

1844. York The Earl of Rosse, F.R.S. ... Rev. Wm. Hey, Prof. Stevelly. 

1846. Cambridge The Very Rev. the Dean of Rev. H. Goodwin, Prof. Stevelly, 

Ely. G. G. Stokes. 

1846. Southamp- Sir John F. W. Herschel, John Drew, Dr. Stevelly, G. G. 

ton. Bart , F.R.S. Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., Rev. H. Price, Prof. Stevelly, G. G, 


F R.S. Stokes. 

1848. Swansea ... Lord Wrottesley, F.R.S Dr. Stevelly, G. G. Stokes. 

1849. Birmingham William Hopkins, F.R.S Prof. Stevelly, G. G. Stokes, W. 

Ridout Wills. 

1860. Edinburgh Prof. J. D. Forbes, F.R.S., W.J.MacquornRankine, Prof. Smyth, 


Sec. R S.E. Prof Stevelly, Prof. G.G. Stokes. 

1861. Ipswich ... Rev. W. Whewell, D.D., S. Jackson, W. J. Macquorn Rankine, 
F.R S. Prof Ste’* elly. Prof. G. G. Stokes. 

1-862. Belfast Prof. W. Thomson, M.A., Prof. Dixon, W. J. Macquorn Ran- 

F.R.S. L. & B. kine. Prof. Stevelly, J. Tyndall. 

1863. Hull The Very Rev. the Dean of B. Blaydes Haworth, J. D. SoUitt, 

Ely, P.R.S. Prof. Stevelly, J. Welsh. 
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Date and Place 

1864. Liverpool... 

1866. Glasgow ... 
1856. Cheltenham 

1867. Dublin 

1868. Leeds 

1869. Aberdeen... I 

1860. Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 

1866. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

1873. Bradford... 

1874. Belfast 

1876. Bristol 

1876. Glasgow .. 

1877. Plymouth... 

1878. Dublin 

ISm Sheffield ... 


Presidents 


Prof. G. G. Stokes, M.A., Sec. 
R.S. 

Rev. Prof. Kelland, M.A., 
F.R.S. L. & E. 

Rev. R. Walker, M.A., F.R.S. 

Rev. T. R. Robinson, D.D., 
F.R.S., M.R.I.A. 

Rev. W, Whewell, D.D., 
V.P.R.S. 

The Earl of Rosse, M.A., K.P., 
F R S 

Rev*. B. Price, M.A., F.R.S.... 

G. B. Airy, M.A., D.C.L., 
F.R.S. 

Prof. G. G. Stokes, M.A., 
F R.S. 

Prof . W. J. Macquorn Rankine, 
C.E., F.R.S. 

Prof. Cayley, M.A., F.R.S., 
F.R.A.S. 

W, Spottiswoode,M.A., F.R.S., 
F R A.S. 

Prof. Wheatstone, D.C.L., 
F.R.S. 

Prof. Sir W. Thomson, D.C.L., 
F R S 

Prof. J. Tyndall, LL.D., 
F.R.S. 

Prof. J. J. Sylvester, LL.D , 
F.R.S. 

J. Clerk Maxwell, M.A., 
LL.D., F.R.S. 

Prof. P. G. Tait, F.R.S.E. ... 


W. De La Rue, D.C.L., F.R.S. 

Prof. H. J. S. Smith, F.R.S. 

Rev. Prof. J. H. Jellett, M.A., 
M.R.LA. 

Prof. Balfour Stewart, M.A., 
LL.D., F.R.S. 

Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 

Prof. G. C. Foster, B.A., F.R.S., 
Pres. Physical Soc. 

Rev. Prof. Salmon, D.D., 
D.C.L., F.R.S. 

George Johnstone Stoney, 
M.A., F.R.S. 


Secretaries 


J. Hartnup, H. G. Puckle, Prof.^ 
Stevelly, J. Tyndall, J. Welsh. 
Rev. Dr. Forbes, Prof. D.Gray, Prof. 
Tyndall. 

C. Brooke, Rev. T. A. Southwood, 
Prof Stevelly, Rev. J. C. Turnbull. 
Prof. Curtis, Prof. Hennessy, P. A. 
Nmnis, W. J. Macquorn Rankine, 
Prof. Stevelly. 

Rev. S. Earnshaw, J. P. Hennessy» 
Prof. Stevelly, H. J. S. Smith, Prof. 
Tyndall. 

J. P. Hennessy, Prof. Maxwell, H. 

J. S. Smith, Prof. Stevelly. 

Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Rev. N. Ferrers, Prof. Fuller, F. 
Jenkm, Prof. Stevelly, Rev. C. T. 
Whitley. 

Prof. Fuller, F, Jenkin, Rev, G. 

Buckle, Prof. Stevelly. 

Rev. T. N. Hihchinson, F. Jenkin, G, 

S. Mathews, Prof. H. J. S. Smith,. 
J. M. Wilson. 

Fleemmg Jenkin, Prof. H. J.S.Smith,. 
Rev. S. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster^ 
Prof. Fuller, Prof. Swan. 

Prof. G. C Foster, Rev. R. Harley, 
R B. Hayward. 

Prof. G C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prof. W. G. Adams, W. K. Clifford, 
Prof. G. C. Foster, Rev. W- Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof. W. K. Clifford, J. W. L. Glaishcr, 
Prof. A. S. Herschel, G. F. RodwelL 
Prof. W. K. Clifford, Prof. Forbes, J. 

W.L. Glaisher, Prof. A. S. Herschel’. 
J. W. L. Glaisher, Prof. Herschel, 
Randal Nixon, J. Perry, G. F. 
Rodwell. 

Prof. W. F. Barrett, J. W.L. Glaisher, 
C. T. Hudson, G. F. Rodwell. 

Prof. W. F. Barrett, J. T. Bottomley, 
Prof. G. Forbes, J. W. L. Glaisher, 

T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaisher, F. G. Landon. 
Prof. J. Casey, G. F. Fitzgerald, J. 

W. L. Glaisher, Dr. 0. J. Lodge. 
A. H. Allen, J. W. L. Glaisher, Dr. 
O. J. Lodge, D. MacAlister. 
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Date and Place Presidents Secretaries 


1880. Swansea ... Prof . W. Grylls Adams, M.A., W. E. Ayrton, J. W. L. Glaisher, 

F.R S. Dr O J. Lodge, D. MacAlister, 

1881. York Prof Sir W. Thomson, M.A., Prof.W E Ayrton, Prof O. J. Lodge, 

LL D , D.C L., F.R.S. D. MacAlister, Rev. W. Routh. 

1882. Southamp- Rt. Hon Prof. Lord Rayleigh, W. M. Hicks, Prof. O. J. Lodge, 

ton. M.A., F.R.S. D. MacAlister, Rev. G. Richard- 

son. 

1883. Southport Prof. O. Hennci, Ph.D., F.R.S. W M. Hicks, Prof O. J Lodge, 

D MacAlister, Prof R C Rowe. 

1884. Montreal ... Prof Sir W. Thomson, M A, C. Carpmael, W M. Hicks, Prof. A. 

LL.D., D.C.L., F R S. Johnson, Prof O J Lodge, Dr. D. 

MacAlister 

1886. Aberdeen... Prof. G. Chrystal, M.A , R E. Baynes, R T. Glazebrook, Prof. 

F R S.E W M Hic;k.s, Prof W Ingram. 

1886. Birmingham Prof. G H Darwin, M.A, R K. Bavnes, R T Glazebrook, Prof . 

LL.D , F R.S. J. H. Poynting, W. N Shaw. 

1887. Manchester Prof Sir R S Ball, M A , R E Baynes, R T Glazebrook, Prof. 

LL D., F.R 8. H Lamb, W N. Shaw. 

1888. Bath Prof G F. Fitzgerald, M.A., R. E Baynes, R. T Glazebrook, A. 

F.R 8. Lodge, W N Shaw 

1889. Newcastle- Capt W. de W Abney, C.B., R.E. Baynes, R T Glazebrook, Prof. 

upon-Tjne R.E., F R S. A Lodge, W. N. Shaw, Prof. H. 


81 rond 

1890 Leeds J. W. L Glaisher, Sc.D.,|r T Glazebrook, Prof A Lodge, 

F R 8., V.P.R A S. 1 W N 8haw, Prof W. Stroud 

1891. Cardiff Prof. O. J Lodge, DSc.,!R. E. Baynes, J Larmor, Prof. A 

LL.D , F.R.S. i Lodge, Piof A. L. Selby. 


CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCES, II. — CHEMISTRY, MINERALOGY. 

1832. Oxford John Dalton, D.O.L., F.R.S. James F. W. JohiLston. 

1833. Cambridge John Dalton, D.C.L., F.R.S. Pi of. Miller. 

1834. Edinburgh Dr. Hope Mr. Johnston, Dr. Christison. 


1835. Dublin 

1836. Bristol 

1837. Liverpool .. 

1838. Newcastle 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

1846. Cambridge 

1846. Southamp- 
ton. 


SECTION B. — CHEMISTRY AND MINERALOGY. 

i Dr T. Thomson, F.R.S Dr. A})john, Prof. Johnston. 

Rev. Prof. Camming Dr. Apjohn, Di. C. Henry, W. Hera- 

I i path 

Michael Faraday, F.R S Prof Johnston, Prof. Miller, Dr. 

Reynolds. 

1 Rev. William Whewell,F.R.S. Prot. Miller, H. L. Pa ttinson, Thomas 
I I Richardson. 

Prof. T. Graham, F.R.S 'Dr. Golding^ Bird, Dr. J. B. Melson, 

j Dr. Thomas Thomson, F.R.S. Dr R. D. Tliomson, Dr. T. Clark, 
I Dr L. Playfair. 

! Dr. Daubeny, F.R.S J. Prideaux, Robert Hunt, W. M. 

I Tweedy. 

John Dalton, D.C.L., F.R.S. Dr. L. Playfair, R. Hunt, J. Graham. 

Prof. Apjolm, M.ll.I.A R. Hunt, Dr. Sweeny. 

Prof. T. Graham, F.R.S Dr. L. Playfair, E. Solly, T. H. Barker. 

Rev. Prof. Gumming R. Hunt, P. Joule, Prof. Miller, 

E. Solly. 

Michael Faraday, D.C.L., Dr. Miller, R. Hunt, W. Randall. 
F.R.S. 
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Date and Place | 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 

1851. Ipswich ... 

1852. Belfast 

1853. Hull 

1854. Liverpool 

1855. Glasgow ... 
1866. Cheltenham 

1857. Dublin 

1868. Leeds 

1869. Aberdeen... 

1860. Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter .. . 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford... 

1874. Belfast 

1876. Bristol 

1876. Glasgow ... 

1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 


Presidents 


llov. W. V. Harcourt, M.A. 
F.B.S. 


Secretaries 


B. C. Brodie, R. Hunt, Prof. Solly. 


Ricliard Phillips, F.R.S 

John Percy, M.D., F.R.S 

Dr. Christison, V.P.R.S.E. 
Prof. Thomas Graham, F R.S. 
Thomas Andrews, M.D., F.R.S. 

Prof. J. F. W. Johnston, M.A., 

F.R.S. 

Prof.W. A.Miller, M.D., F.R.S. 

Dr. Lyon Playfair, C.B ,F.R S. 
I Prof. B. C. Brodie, F.R.S. ... 

Prof. Apjohn, M.D., F.R.S., 
M R LA. 

Sir J. F. W. Herschel, Bart., 
D.C.L. 

Dr. Lyon Playfair, C B , F.R.S. 
jProf. B. 0. Brodie, F.R.S 


Prof.W.A.Miller, M D.,F.R.S. 

Prof.W.A Miller, M.D.,F.R.S. 

Dr. Alex. W. Williamson, 
F R.S. 

W Odling, M.B., F.R.S., 

F C S 

Prof W. A, Miller, M.D., 
V P.R.S. 

H. Bence Jones, M.D., F.R.S. 

Prof. T. Anderson, M.D., 
F R S E 

Prof E. Frankland, F.R S , 
F.O.S. 

Dr H. Debus, F R.S., F.C.S. 

Prof. II. E. Roscoe, B.A., 
F.R.S., F.C.S. 

Prof. T. Andrews, M.D., F.R.S. 

Dr. J. H. Gladstone, F.R.S.... 

Prof. W. J. Russell, F.R.S.... 

Prof. A. Crum Brown, M.D., 
F.R S.E., F.C.S. 

A. G. Vernon Harcourt, M.A., 
F.R.S., F.C.S. 

W. H. Perkin, F.R.S 

F. A. Abel, F.R.S., F.C.S. ... 

Prof. Maxwell Simpson, M.D., 
F.R S , F.C.S. 

Prof. Dewar, M.A., F.R.S. 

¥ 


T. H. Henry, R Hunt, T. Williams. 
R. Hunt, G. Shaw. 

Dr. Anderson, R Hunt, Dr. Wilson. 
T. J. Pearsall, W. S. Ward. 

Dr. Gladstone, Prof. Hodges, Prof. 
Ronalds. 

H. S. Blundell, Prof. R. Hunt, T. J. 
Pearsall. 

Dr. Edwards, Dr. Gladstone, Dr.^ 
Price. 

Prof. Frankland, Dr. H. E. Roscoe. 
J. Horsley, P. J. Worsley, Prof. 
Voelcker. 

Dr. Davy, Dr. Gladstone, Prof. Sul- 
livan 

Dr. Gladstone, W. Odling, R. Rey- 
nolds. 

J. S. Brazier, Dr. Gladstone, G. D. 

Liveing, Dr Odling. 

A. Vernon Ilarcouit, G. D. Liveing, 
A B Nortlicote. 

A. Vernon Harcourt, G. D. Liveing. 
H W. Elphinstone, W. Odling, Prof. 
Roscoe 

Prof. Liveing, H. L. Pattinson, J. C. 
Stevenson. 

A. V. Harcourt, Prof. Liveing, R. 
Biggs 

A. V. Harcourt, IT. Adkins, Prof. 

WankJyn, A. Winkler Wills. 

J. II. Atherton, Prof. Liveing, W. J. 
Russell, J. White. 

A. Crum Brown, Prof. G. D. Liveing, 
W. J. Russell. 

Dr A. Crum Brown, Dr. W. J. Rus- 
sell, F. Sutton 

Prof. A. Crum Brown, Dr W. J. 

Russell, Dr Atkinson. 

Prof. A. Crum Brown, A. E. Fletcher, 
Dr W. J. Russell. 

J. T. Buchanan, W. N. Hartley, T, 
E. Thorpe. 

Dr. Mills, W, Cliandler Roberts, Dr. 

W. J. Russell, Dr. T. Wood. 

Dr. Armstrong, Dr Mills, W. Chand- 
ler Roberts, Dr, Tfiorpe 
Dr. T Cranstoun Charles, W. Chand- 
ler Roberts, Prof. Thoipe. 

Dr. 11. E Armstrong, W. Chandler 
Roberts, W. A. Tiidcn. 

W. Dittmar, W. Chandler Roberts, 
J M Thomson, W. A Tilden. 

Dr. Oxland, W. Cliandler Roberts, 
J. M. Thomson. 

W. Chandler Roberts, J. M. Thom- 
son, Dr. C. R. Tichborne, T. Wills, 
H. S. Bell, W. Chandler Roberts, J. 
M. Thomson. 
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Date and Place 

Presidents 

Secretaries 

1880. Swansea ... 

Joseph Henry Gilbert, Ph.D., 
F.R.S. 

P. Phillips Bedson, H. B. Dixon, Dr, 
W. R. Eaton Hodgkinson, J. M. 
Thomson. 

1881. York 

Prof . A. W. Williamson, Ph.D., 
F.R.S. 

P. Phillips Bedson, H. B. Dixon, 
T. Gough. 

1882. Southamp- 
ton 

Prof G. D. Liveing, M.A., 
F.R S. 

P. Phillips Bedson, H. B. Dixon, 
J. L. Notter. 

1883. Southport 

Dr. J. H. Gladstone, FRS.. 

Prof P. Phillips Bedson, H. B. 
Dixon, II Forster Moilcy. 

1884. Montreal ... 

Prof. Sir H. E Roscoe, Ph D , 
LL.D., F.R S. 

Prof, P. Phillips Bedson, H B Dixon, 
T. McFarlane, Prof W H. Pike. 

1886. Aberdeen... 

Prof H B. Armstrong, Ph D , 
F R S., Sec O.S. 

Prof. P. Phillips Bedson, H. B Dixon, 
H. Forster Morley, Dr W J Simpson. 

1886. Birmingham 

W. Crookes, F.R.S., V.P.C.S. 

Prof. P. Phillips Bedson, H. Bv 
Dixon, H. Forster Morley, W. W. 
J. Nicol, C. J. Woodward. 

1887. Manchester 

Dr E Schunck, F.R.S , F.C.S. 

Prof P. Phillips Bedson, H. Forster 
Morley, W. Thomson 

1888. Bath 

Prof. W. A. Tilden, D.Sc., 
FRS., V.P.CS. 

Prof. H. B Dixon, Dr. H. Forster 
Morley, R. E. Moyle, Dr W. W 
J. Nicol 

1889. Newcastle- 
upon-Tyne 

Sir I Lowthian Bell, Bart., 
D C L., F.R.S., F.C S. 

Dr. H. Forster Morley, D, H Nagel, 
Dr. W. W. J. Nicol, H. L. Pattin- 
son, ]un. 

1890. Leeds 

Pi of T. E. Thorpe, B Sc., 
Ph D , F.R.S , Treas, C S 

C. H. Bothamley, Dr. H Forster 
IMorley, I). 11. Nagel, Dr. W. W. 
J Nicol. 

1891. Cardiff 

Prof. W. C. Robcrts-Austen, 
C B , F.R S , F.C.S. 

C. H Bothamley, Dr H. Forster 

1 Morley, Dr W W. J Nicol, Dr. 

1 G. S Turpin. 


GEOLOGICAL (and, until ]851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. I. Murchison, F.K.S Jolm Taylor. 

1833. Cambridge. G. B. Greenougli, F.ll.S W. Loiibdale, Jolin Phillips. 

1834. Edinburgh . Prof. Jameson Prof. Phillips, T. Jameson Torrie^ 

Rev. J. Yates. 


SECTION C. — GEOLOGY AND GEOGRAPHY. 

1835. Dublin iR. J. Griffith Captain Port lock, T. J Tornc. 

1836. Bristol Rev. Dr. Buckland, F.R.S. — William Sanders, 8. Stutchbury, 

Geography Murchison, T. J. Tome. 

F.R.8. 

1837. Liverpool... Rev. Prof. Sedgwick, F.R.S. — Captain Portlock, R. Hunter. — Geo^ 

^'cfiym^AyjG.B.Greenough, graphy^ Captain II. M. Denham 

I\R.S. R.N. 

1838. Newcastle.. C. L5’'ell, FRS, V.PG.S. — W. C. Trevelyan, Capt. Portlock. — 

GeogTaphijy Lord Prudhoe. Geography ^ Capt. Washington 

1839. Birmingham Rev Dr. Buckland, F.R S. — George Lloyd, D, II. E. Strick- 

Geography land, Charles Darwin. 

F.R.S. 

1840. Glasgow ... Charles Lyell, F.R.S. — Geo- W. J. Hamilton, D. Milne, Hugh 

graphyy G. B. Greenougli, Murray, II. E. Strickland, John 

F.R.S. Scoular, M.D. 

1841. Plymouth... H. T. De la Beche, F.R.S. ... W.J. Hamilton, Ed ward Moore, M.D., 

R. Hutton. 
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Date and Place Presidents I Secretaries 


1842. Manchester El. I. Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R. 

Lloyd, H. E. Strickland. 

1843. Cork Richard E. Griffith, F.R.S., Francis M. Jennings, H. E. Strick- 

M.R.LA. land. 

1844. York Henry Warburton, M.P., Pres. Prof. Ansted, E. H. Bunbury. 

Geol. Soc. 

1846. Cambridge Flev. Prof. Sedgwick, M.A., Rev. J. C. Gumming, A. C. Ramsay, 
F.R.S. Rev. W. Thorp. 

1846. Southamp- Leonard Horner, F.R.S. — Geo- Robert A. Austen, Dr. J. H. Norton, 

ton. graplujy G. B. Greenough, Prof. Oldham . — Geography y Dr. C. 

F.R.S. T. Beke. 

1847. Oxford 7eryRev.Dr.Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C. 

Ramsay, J. Rus.an. 

1848. Swansea... Sir H. T. De la Beche, C.B., Starling Benson, x . if. Oldham, 

F.R S. Prof. Ramsay. 

1849. Birmingham Sir Charles Lyell, F.R.S., J. Beetc Jukes, Prof. Oldliam, Prof. 

F.G.S. A. C. Ramsay. 

1850. Edinburgh ' Sir Roderick I. Murchison, A Keith Johnston, Hugh Miller, 

F.R.S. Prof. Nicol. 


SECTION c {continued), — geology. 


1861. Ipswich ... Williamnopkins,M.A.,P.R.S.| C. J. F Bunbury, G. W Ormerod, 

Searles Wood. 

1862. Belfast Lieut.-Col. Portlock, R E , Jhmes Bryce, James MacAdam, 

F.R.S. I Prof. M‘Coy, Prof. Nicol. 

1863. Hull Prof. Sedgwick, F R.S I Prof. Harkness, William Lawton. 

1864. Liverpool.. Prof. Edward Forbes, F.R.S.i John Cunningham, Pi of. Harkness, 

G. W. Ormeiod, J. W. Woodall. 

1855. Glasgow ... Sir R. I. Muichison, F.RS.... James Bryce, Prof. Harkness, Prof. 

Nicol 

1856. Cheltenliam Prof. A. C. Ramsay, F.R.S.... Rev. P. B. Brodie, Rev. R. Hep- 

I worth, Edward Hull, J. Scougall, 
I T. Wright. 

1867. Dublin The Lord Talbot de Malahidei Prof. Harkness, Gilbert Sanders, 

Robert IT Scott. 

1858. Leeds William Hopkins, M.A.,LL.D., Prof. Nicol, H G. Sorby, E. W. 

F R.S. Shaw. 

1859. Aberdeen,.. Sir Charles Lyell, LL.D., Prof. Harkness, Rev. J. Longmuir, 

D.C.L., F.R.S. H. C. Sorby. 

1860. Oxford Rev. Prof. Sedgwick, LL.D., Prof. Harkness, Edward Hull, Capt. 


F.R.S., F.G.S. D. C. L Woodall. 

1861. Manchester Sir It. I. Murchison, D.C.L., Prof. Harkness, Edward Hull, T. 

LL.D., F R.S. Rupert Jones, G. W Ormerod. 

1862. Cambridge J. Beete Jukes, M.A , F.R.S. Lucas Barrett, Prof. T. Rupert 

Jones, H. C. Sorby. 

1863. Newcastle Prof. Warington W. Smyth, E. F. Boyd, John Daglish, H. C. 

F.R S., F.G.S, Sorby, Thomas Sopwitli. 

1864. Bath Prof. J. Phillips, LL.D., W. B. Dawkins, J. Johnston, H. C. 

F.R.S., F.G.S. Sorby, W. Pengelly. 

1865. Birmingham Sir R. I. Murchison, Bart., Rev. P. B. Brodie, J. Jones, Rev. E. 

K.C.B. Myers, H. C. Sorby, W. Pengelly. 

1866. Nottingham Prof. A. C. Ramsay. LL.D., R. Etheridge, W. Pengelly, T. Wil- 

F.R.S. son, G. H. Wright. 

* At a meeting of the General Committee held in 1850, it was resolved * That 
the subject of Geography be separated from Geology and combined with Ethnology, 
to constitute a separate Section, under the title of the “Geographical and Ethno> 
logical Section,” ’ for Presidents and S^retaries of which see page liv. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. xlix 


Date and Place 

Presidents 

Secretaries 

1867. Dundee ... 

Archibald Geikie, F.R.S., 
F.G.S. 

Edward Hull, W. Pengelly, Henry 
Woodward. 

1868. Norwich ... 

R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 

Rev. 0. B’lsher, Rev. J. Gunn, W. 
Pengelly, Rev. H. H. Winwood. ^ 

1869. Exeter 

Prof. R. Harkness, F.R.S., 
F.G.S. 

W. Pengelly, W. Boyd Dawkins, 
Rev. H. H. Winwood. 

1870. Liverpool... 

Sir Philipde M.Grey Egerton, 
Bart., M.P., F R.S. 

W. Pengelly, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morton. 

1871. Edinburgh 

Prof. A. Geikie, F.R.S., F.G.S. 

R, Etheridge, J. Geikie, T, McKenny 
Hughes, L C. Miall 

1872. Brighton... 

R. A. C. Godwin-Austen, 
F.R S., F.G S. 

L. C. Miall, George Scott, William 
Topley, Henry Woodwaid. 

1873. Bradford... 

Prof. J. Phillips, D.C.L., 
F.R.S , F.G.S. 

L. C. Miall, R. H. Tiddeman, W, 
Tojiley. 

1874. Belfast 

Prof. Hull, M.A., F.R.S., 
F.G.S. 

F. Drew, L. C. Miall, R. G. Symes, 
R. H. Tiddeman. 

1876. Bristol 

Dr. Thomas Wright, F.R.S. E , 
F.G.S. 

L. C. Miall, E. B. Tawney, W. Top- 
ley. 

1876. Glasgow .. 

Prof. John Young, M.D 

J.Armstrong,B\W Rnd]er,W.Topley» 

1877. Plymouth... 

W. Pongelly, F.R.S., F.G S. 

Dr. Le Neve Blister, R. BI. Tidde- 
maii, W. Topley. 

1878. Dublin 

John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S 

E. T. Hardman, Piof. J. O’Reilly, 
R. H. Tiddeman. 

1879. Shetlield ... 

Prof. P. Martin Duncan, M.B., 
B\R S , B\G.S. 

W. Topley, G. Blake Walker 

1880. Swansea ... 

H. C. Sorby, LL.D , F.R S., 
F.G.S. 

W. Topley, W Whitaker 

1881. York 

A. 0 Ram.say, LL D., F R S , 
¥ G.S, 

J E Clark, W. Keeping, W. Topley, 
W. Whitakci 

1882. Southamp- 
ton. 

R Etlioridge, F.R.S., F G S. 

T W Shore, W J'opley, E. West- 
lake, W Whitaker. 

1883. Southport 

Prof. W. 0. Williamson, 
LL.D., F R S 

R. Betley, C E Dc Ranee, W Top- 
ley, W Whitaker 

1884. Montreal ... 

W. T. Blanfoid, F R S , Sec. 
G S. 

B’ Adams, Prof Bl W Claypole, W. 
Topley, W Whitakei 

1885. Aberdeen . . 

Prof. J W. Judd, F R S , Sec. 
G S. 

C E Dc Ranee, J Horne, J. J H. 
Tcall, W. Topic v 

1886. Birmingham 

Prof T G Bonney, D Sc , 
LL D , ¥A{ S., F G.S 

W. J. Harrison, J J If Teall, W. 
Topley, W W Watts 

1887. Manchester 

Henry Woodward, LL D , 
F.R S., F.G S 

J. E Marr, J J H Teall, W. Top- 
ley, W. W. Watts. 

1888. Bath 

Prof. W. Bo}d Dawkins, M.A., 
F.R S., F.G.S. 

Prot. G. A, Leboiir, W. Topley, W. 
W. Watts, H B Woodward. 

1889. Newcastle- 

Prof J. Geikie, LL D , D.C.L , 

Prof (J A Lebour, J E. Man, W. 

upon-Tync 

F R S , F G S 

W. Walts, H B Woodward 

1890. Leeds 

Prof A. H Green, M A., 
F.R S . F G S. 

J. K Bedfoid, Dr F. H Hatch, J. 
E. Marr, W. W Watts 

18.91. Cardiff 

i 

Prof. T Ruiiert Jones, B’ R.S., 
i B’.G.S. 

W Galloway, J E Marr, Clement 
Reid, W. W. Watts 


BIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, IV. — ZOOLOGY, BOfANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P R. Duncan, F.O S. ... Rev. Prof. J. S. Hcnslow. 

1833. Cambridge ' I Rev. W. L P. (Jarnons, F.L.S. C. C. Babiagton, D. Don. 

1834. Edinburgh . I Prof. Graham W. Yarrell, Prof. Burnett. 

’ At this Meeting Pliysiology and Anatomy were made a separate Committee, 
for Presidents and Secretaries of which see p. liii. 

1891. 
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RBPOKT 1891 


Date and Place Presidents Secretaries 


SECTION D. ZOOLOGY AND BOTANY, 

1836. Dublin Dr. Allman J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J. Curtis, Prof. Don, Dr. Riley, S. 

Rootsey. 

1837. Liverpool... W. S. MacLcay C. C. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle Sir W. Jardine, Bart J. E. Gray, Prof. Jones, R. Owen, 

Dr. Richardson. 

1 839. Birmingham Prof. Owen, F.R.S E. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W, Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth... John Richardson, M.D., F.R.S. J.Couch,Dr. Rankest er,R. Patterson. 

1842. Manchester Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A. 

bert, LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L.S G. J Allman, Dr. Lankester, R. 

Patterson. 

1844. York Very Rev. the Dean of Man- Prof. Allman, H. Goodsir, Dr. King, 

Chester. Dr. Lankester. 

1845. Cambridge Rev. Pi of. Henslow, F.L.S. ... Dr Lankester, T. V. Wollaston. 

1846. Southamp- Sir J. Richardson, M.D., Dr. Lankester, T. V. Wollaston, H. 

ton F.R.S. Wooldridge. 

1847. Oxford H. E. Strickland, M.A., F.R.S. Dr. Lankester, Dr. Melville, T. V. 

! Wollaston. 


SECTION D {continued). ZOOLOGr and botany, including physiology. 

W [For the Presidents and Secretaries of the Anatomical and Physiological Subsec- 
tions and the temporary Section E of Anatomy and Medicine, see p. liii.] 

1848. Swansea ... L. W. Dillwyn, F.R.S Dr. R. Wilbraham Falconer, A. Hen- 

frey, Dr. Lankester. 

1849. Birmingham William Spence, F.R.S Di. Lankester, Di. Russell. 

1850. Edinburgh Prof. Good&ir, F.R.S. L. & E. Prof. J. H. Bennett, M.D., Dr. Dan- 

kest cr, Dr. Douglas Maclagan. 

1851. Ipswich ... Rev. Prof. Henslow, M.A., Prof. Allman, F. W. Johnston, Dr. E, 

F R.S. Lankester. 

1862. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr. 

Edwin Lankester. 

1863. Hull C. C. Babington, M. A., F.R.S. Robert Harrison, Dr. E. Lankester. 

1854. Liverpool... Prof. Balfour, M.D., F.R.S.... Isaac Byerley, Dr. E. Lankester. 

1866. Glasgow ... Rev. Dr. Fleeming, F.R.S.E. William Keddie, Dr. Lankester. 

1856. Cheltenham Thomas Bell, F.R.S., Pres.L.S. Dr. J. Abercrombie, Prof. Buckman, 

Dr. Lankester. 

1857. Dublin Prof. W. H. Harvey, M.D., Prof. J. R. Kinahan, Dr. E. Lankester, 

F.R.S. Robert Patterson, Dr. W. E. Steele. 

1858. Leeds C. C. Babington, M. A., F.R.S. Henry Denny, Dr. Heaton, Dr. E. 

Lankester, Dr. E. Perceval Wright. 

1859. Aberdeen... Sir W. Jardine, Bart., F.R.S.E. Prof. Dickie, M.D., Dr. E. Lankester, 

Dr. Ogilvy. 

1860. Oxford Rev. Prof. Henslow, F.L.S.... W. S. Church, Dr. E. Lankester, P. 

L. Sclater, Dr. E. Perceval Wright. 

1861. Manchester Prof. C. C. Babington, F.R.S. Dr. T. Alcock, Dr. B. Lankester, Dr. 

P. L. Sclater, Dr. B. P. Wright. 

1862. Cambridge Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1863. Newcastle Prof. Balfour, M.D., F.R.S.... Dr. E. Charlton, A. Newton, Rev. H. 

B. Tristram, Dr. E. P. Wright. 
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Date and Place 


Presidents 


1864. Bath jDr. John E. Gray, F.E.S. 

1866. Birmingham , T. Thomson, M.D., F.E.S. 


Secretaries 


H. B. Brady, C. E. Broom, H. T. 

Slainton, Dr. E. P. Wright. 

Dr. J, Anthony, Rev. C. Clarke, Eev. 
H. B. Tristram, Dr. E. P. Wright. 


1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh . 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

1875. Bristol i 


SECTION D {contmued), — biologt.^ 


Prof. Huxley, LL.D., F.E.S. 
— Phyaiologtcal Dep.y Prof. 
Humphry, M.D., F.E.S. — 
Anthropological Dep., Alf. 
R. Wallace, F.E.G.S. 

Pi of. Sliarpcy, M.D., Sec. E.S. 
-hip. of Zool. and Jiot.y 
George Busk, M.D., F.E.S. 

Rev. M. J. Berkeley, F.L.S 
-Iku of PhnnolonVy W 
H. Flower, F.RS. 

George Busk, F.E.S., F L.S. 
— IJep. of Pot. and Zool , 
C. Spence Bate, F.E.S. - 
Dcp. of Etkm.y E. B. Tylor. 

Prof. G. Rolleston, M.A., M.D., 
F.E.S., F.L.S. — of 
A nat. and Physiol., Prof. M 
F()sl<‘r, M D , F.L.S. — D(p 
of let h no , J Evans, F.R S. 

Prof. Allen Thomson, M.D., 
F.E.S Dep. of Pot. and 
,1’rof.WyviileThomson, 
F.E.S. — TJtp. of A ntliTopol.y 
Pi of W. Turner, M D. 

Sir J. Lubbock, Bart., F.E.S — 
Dep. of An at and Physiol , 
Dr. lluidon Sanderson, 
F.E S.- -Pep of Anthropol , 
Col. A Lane Fox, F.G.S. 

Prof Allman, F.E.S - Dep. of 
Anat and Ph ysiol.A\oi Ru- 
therford, M D. — Pep ofAn- 
thropol., Dr. Beddoe, F E.S 

Pi of. Eedfein, M.D.~ Dep. of 
Zool. and Pot , Dr. Hookci, 
C.B.jPres.E.S. — Pop. of A n- 
throp ,Sir W.R. Wilde, M.D 

P. L. Sclater, F.E S. — Pep of 
Anat and P/l?/s^f>^.,Prof.Cle- 
land, M.D , If.K.^.—Pep.of 
Anthropol.yVieii. Eolleston, 
M.D., F.E.S. 


Dr. J. Beddard, W. Felkin, Rev. H, 
B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 


C. Spence Bate, Dr. S. Cobbold, Dr. 
M. Foster, H. T. Stainton, Rev. 
U. B. Tristram, Prof. W. Turner. 
Dr T. S Cobbold, G. W. Firth, Dr. 
M Foster, Prof. Lawson, H, T. 
Stainton, Eev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. S. Cobbold, Prof. M. Foster, 
E. Eay Lankester, Prof. Lawson, 
H. T. Stainton, Eev. H. B. Tris- 
tram. 

Dr. T. S. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H, 
T. Stainton, Rev H. B. Tristram, 
C. St am land Wake, E. Eay Lan- 
k(‘ster. 

Dr. T. E. Fraser, Dr. Arthur Gamgee, 
E. Eay Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Di. W. Eutheiford, Dr. Kelburne 
King. 

Prof. Tliiselton-Dyer, H. T Stainton, 
Prof. Lawson, F. W. Eudler, J. H. 
Jjami>rey, Dr. Gamgee, E. Ray 
Lankester, Dr. Pye- Smith. 

Prof. Tliiselton-Dyer, Prof. Lawson, 
E. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W. Eudler, J. 
H Lamprey. 

W. T. Thiselt ou-Dycr, E. O. Cunning- 
ham, Di. J J. Charles, Di. P. H. 
Pye-Smith, J. J. Muiphy, F. W. 
Eudler. 

E. E. Alston, Dr. IMcKcndrick, Prof. 
W. E. M‘Nab, Dr. Martyn, F W. 
Eudler, Dr. P. H. Pye-Smith, Dr. 
W. Spencer. 


' At a meeting of the General Committee in 1866, it was resolved — ‘That the 
title of Section D be changed to Biology;’ and ‘That for the word “Subsection,” 
in the rules for conducting the business of the Sections, the word “Department” 
be substituted.’ 

c 2 
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Date and Place 

Presidents 

Secretaries 

1876. Glasgow ... 

A. Russel Wallace, F.R.G.S., 
F.L.S. of Zool. and 

Hot.., Prof. A. Newton, M.A., 
F R S — D<‘ 2 >. of Anat. and 
Plufsiol ^ Dr. J. G. McKen- 
dnek, F.R.S.K 

E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr, 
Muirhead, Prof. Morrison Wat- 
son. 

1877. Plymouth .. 

T.GwynJeffrcySjLL D ,F.R S , 
F.L S. — Dep. of Anat. and 
PhifdoL^ Prof. Macalister, 
M.D — JJep. of AnthropoL, 
FrancisGallon, M.A.,F.R.S. 

E. R. Alston, F. Brent, Dr. D. J. 
Cimningham, Dr. C. A. Kingston, 
Pi of. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 

1878. Dublin 

Pro!. W. H. Flower, F R.S. - 
Ikp. of Anthro 2 )ol.y Prof. 
Huxh'y, Sec R.S. — Drp. 
of Anat and Phymol.y R 
McDonnell, M.D., F R S. 

Dr R, J. Harvey, Dr. T Hayden, 
Pro! W. R. M‘Nab, Prof. J. M. 
Purser, J. B Rowe, F. W. Rudler. 

1879. Sheffield ... 

Plot. St. Gcoige Mivart, 
F R.S. " Pep of Anthropol , 
K. B. Tylor, D C.L., F.R.S 
J)e 2 >. of Anat. and Phy- 
.sud, . Dt Py(‘-Smith 

Artliur Jackson, Prof. W R M‘Nab, 
J. B. Rowe, F. W. Rudler, Prof. 
Schafer. 

1880. Swansea ... 

A 0 L Gunthei,M D,F R S 
— P( 2 >. of A nat and Phy- 
noJ . F. M Balfour, M A , 
F 11 S — Pep of Anthi'opol , 
F. W lludh'i, F G S 

G. W. Bloxam, John Priestley, 
Ilowaid Saunders, Adam Sedg- 
wick. 

1881. York 

Richard Owen, (- B , M D., 
F R S — Dej) of Anihropol , 
Ihof W II Flower, LL D , 
F R S ])cp of Anat and 
, Proi J S Buidon 
Sandeison, M 1) , F H S 

G W. RIoxam, W A Forbes, Rev 
W C. Hey, Pi of W R M‘Nab, 
W North, John Priestley, Howard 
Sanndeis, H F Spencer 

1882. Southamp- 

Prof A Gamgi'e M 1) , F R S 

G W Bloxam, W. Heape, J B 

ton 

Pep of /ool and Pot , 
Pint M A Law.son, M A , 
F L S - Pep.oJ Anthropol.y 
Prof. W. Bo}d Dawkins, 
M.A., F R S. 

Nia.s, Jlowaid SaundiTs, A. Sedg- 
wick, T. W Shore, jun. 

1883. Southport * 

Prof K Ray Ijjuikester, M.A , 
F.R S — Dep, ot Antlirojad , 
W Pengelly, F R S. 

G W Bloxam, Dr G J Haslam, 
W Heape, W Hurst, Prof A M. 
Marshall, Howard Saunders, Dr 

G A Woods 

1884 Montreal 2. . 

Prof II N Moseley, M A , 
FRS 

Prof W Osier, Howaid Saunders, A. 
Sedgwick, Prof. R. R. Wright 

1885. Aberdeen... 

Prof W C McIntosh, M.D., 
LLD, FRS FKS.F 

W. Heape, J MetHegoi -Robertson, 

.1 Duncan Mattlu'ws, Howard 
Saunders, H Mai shall Waid 

1886 Birmingham 

W Carruthers, Pres L S , 
F R S , F G S 

Pro! T W Bridge, W Heapi', Prof. 
W Hillhouso.W D Sclatcr, Prof 

H Marshall Ward 

1887. Manchestei j 

i 

Prof A . Newton, M A , F R S , ] 
F.L.S., VPZS. 

G liailcv, F E. l>edd,iid, S. F. Ilar- 
mei, W. irea])e, W L Sclater, 
Pi of. H. Marshall Ward. 


* By direction of the (l(‘iieial Committee at Southampton (1882) the Departments 
of Zoology and Botany and of Anatomy and Physiology weie amalgamated. 

By authority of the (loneial (’ommittee, Anthropology was made a separate 
Section, for Presidents and Secretaiies of which see p lix 
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Date and Place 

Presidents 

Secretaries 

1888. Bath 

W. T. Thiselton-Dyer, C.M.G., 
F.B.S , F.L.S. 

P" E. Beddard, S. F. Harmer, Prof. 
H. Marshall Ward, W. Gardiner, 
Prof. W D Halliburton. 

1889. Newcastle- 
upon-Tyne 

Prof. J. S Burdon Sanderson, 
M A , M D., F.B.S 

C Bailey, F E Beddard, S. F. Har- 
rnei , Prof. T Oliver, Prof 11. Mar- 
shall Ward. 

1890. Leeds 

Prof A Millies Marshall, 
M.A , M D , D.Sc., F.B S 

S ¥ Harmer, Prof W. A Herdnian, 
Dr. S J Hickson, Prof, Pb W. 
Oliver, H Wager, Prof. H. Mar- 
shall Waid 

1891. Carditt 

Fiancis Darwin, M.A , M.B,, 
F.B S , F.L.S 

P\ PJ Beddard, Prof W A Herdman, 
Dr S. J Hickson, G Murray, Prof . 
W. N. Parker, U Wager 


ANATOMICAL AND PHYSIOLOGICAL. SCIENCES. 

COMMITTEE OF SCfENCES, V. — ANATOMY AND rHYSIOLOGY. 

1833. Cambridjic i Di. llavilaiKl Di. Bond, Mr Bauot. 

1834. Edinburgh I I^r. Aberciombie l)r. Kogot, Di. William Thomson. 


SECTION E (UNllE LS17). — ANA'ICMY AE 1) MEDICINE. 


183.5. Dublin .... 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle 
1833. Ihrmingliam 
1840. (Jlasgow ... 


Dr. I’rilchaid 

Dr. Kogcl, F. ll.S. 

Pi uJ. \V. Clark, M.D . 

T. E. Hcadlam, M.D 

Jolin Yellol}, IM D., F.U.S. 
J.aiiics Watson, 1\1 D. . 


D]. Hairison, Dr. Hart. 

. l)i. Symojxls. 

Di CaiM>n, ]un., James Ijong, 
Dr ,1. 11 W Vose. 

. iT. M. Ciei nhow, Dr. .1. 11. W. Vose. 

1 Dr. C. O. Bees, F B}daiid. 

...I Dr. J. Brown, PioX. CoujH3r, Prof. 
I Held. 


SECTION E. PHYSIOLOGY. 


1841. Plymouth. ,,P. ]\I. lloget, M.D., Hec. B.S Di. J. Buttiu, J. Fuge, Dr. R. S. 

I Sargent. 

1842. lManclict>tci lEdwaul Ilolnu', Al.D , F.Tj.H. Di t'ji.ijy i<»i, Di. II. S. Sargent. 

1843. Coik I Su James Pitcairn, M.D. Dr John Pupham, Di . B S Sargent. 

1844. Yolk ..;J. Ck ITitehaid, M.D .. . . I Eneliseii, Di U. S Saigent. 

1845. Cambridge JProf. J, llaviland, M 1) Dr. B S. Sargent, Dr. Webster, 

1846. Soulliamp- iProf. Owen, M.D, F B.S . C. J*. Keele, Dr. haycock. Dr. Sax- 

ton. , gent 

1847. Oxf Old' ...I Plot Ogle, M D., F B.S ' Di Tliomas K. Chambers, W. P. 

Ormeiod. 


PHYSlOLOGlCAh 8U1J8ECT10N8 Ob SEC'lIUJl D. 


1850. Edinburgh 

1856, Glasgow . . 

1857. Dublin 

1868. Leeds 


Pi of. Pennett, IM.I)., ¥.11 S.E. 
Prof. Allen Thomson, F B.S 
Prof. B, Harrison, M.D. 

Sii Benpiniin Biodie, Bart., 

ICB.s! 


Prof. J H. Corbett, Dr. J.struthers. 
Di B D Lyons, Prof. Bcdfern. 

C. G. Wheelhouse. 


' By direction of the General C'ommittee at Oxford, Sections D and E were 
incorporated under the name of ‘Section D —Zoology and Botany, including Phy- 
«iology ’ (see p. 1.). Section E, being ilien vacant, was assigned in 1861 to 
•Geography. 
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KBPORT — 1891 


Date and Place 


Presidents 


Secretaries 


1869. 

1860. 

1861. 

1862. 

1863. 

1864. 

1866. 


Aberdeen . 

Oxford 

Manchester 


Prof. Sharpey, M.D , Sec ll.S.,Prof. Bennett, Prof Redfern. 

Prof G Rol]eston,M.D.,F L.S.lDr. R M‘Donnell, Dr. Edward Smiths 
Dr. John Davy, P.R.S. L.&; E.lDi. W. Roberts, Dr. Edward Smith* 


Newcastle !prof. Rolleslon, M.D., F.R S. 

Bath I Dr. Edward Smith, LL.D., 

F U.S. 


Dr D. Embleton, Dr. W. Turner. 
J. S. Bart rum, Dr. W. Turner. 


Burning- Prof Acland, M.D, LL.D.,, Dr. A, Fleming, Dr. P. Heslop, 
ham.* F.R.S. I Olivei Pemblet on, Dr. W. Turner. 


GEOGRArHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1861, see Section 0 
p. xlvii.] 


ETHNOLOGICAL SUBSECTIONS OF SECTION D. 


1846.Southampton|Dr. Pntchard 

1847. Oxford Plot II. H. Wilson, M.A. ... 

1848. Swansea . .1 

1849. Birmingham i . . 

1860 Edinburgh Vice-Admnal Sir A Malcolm 


; Dr. King. 
jPiof. Buckley 
(J. Grant Ficineis. 
Dr. R. G. Latham 
Daniel Wil^m 


S FICTION fi — GEOGRAPHY AND ETHNOLOGY. 

1861. Ipswich .. , Sir R. J Murchison, F R.S., U Cull, Rev. .1 W. Donaldson, Dr, 

I Pi(\s. U.G.S. Noiton Sliaw 

1862. Belfast . . Col Cliesney, R.A , D C L , R Cull, R. AfacAdam, Dr. Norton 

I F.R.S. Shaw 

1863. Hull :R G Latham, M.D., F.R.S. R Cull, Rev H W. Kemp, Dr. 

I Norton Shaw 

1864. Liverpool... Sir R. I. Murchison, D.C.L, Richard Cull, Rev. H. Higgins, Dr. 

F.R.S. Ihno, Dr. Norton Shaw. 

1866. Glasgow ...'Sir J Richardson, M.D., Di. W. G. Blackio, R. Cull, Dr. 
I F.R S Norton Shaw. 

1866. Cheltenham ' Col. Sir H. C. Rawhn.son, R Cull, F D TTaitland, W. H. 

j K.C. I> Rums(‘y, Dr. Noiton Sliaw 

1867. Dublin Rev. Dr. J. Henlhorn Todd, R. (hill, S. Ferguson, Dr. R. R. 

Pres. R I A. Madden, Dr. Norton Shaw. 

1868. Leeds ISirR I, Murchison, G C St. S., R. Cull, Francis Galt on, P, O’Cal- 

j F.R.S. I laglian, Dr. Norton Shaw, Thomas 

; Wriglit. 

1869. Aberdeen... I Rear - Admiral Sir James Richard (hill. Prof. Geddes, Dr. Nor- 

I Clerk Ross, D.C L., F.R.S. j ton Shaw. 

1860. Oxford Sir R. I. JMurclnson, D.C.L.. Capt. Bnriows, Dr J. Hunt, Dr. C. 

I F.R.S. I Lempii^re, Dr. Norton Shaw. 

1861. Manchester John Crawfurd, F R.S . ..I Dr J. Hunt, J. Kingsley, Dr. Nor- 

I ton Shaw, W. Spottiswoodo. 

1862. Cambridge Francis Galton, F.R.S . jj.W Claike, Rev J Glover, Dr. Hunt, 

I j Dr. Norton Shaw, T Wright. 

1863. Newcastle Sir R. I. Murchison, K.C. B., G. Carter Blake, Hume Greenfield, 

* F.R.S. I C. R. Markliam, R. S. Watson. 

1864. Bath Sir R T. Murchison, K.C.B,!h. W. Bates, C. R. Markham, Capt, 

I F R S. j R M. Murchison, T. Wright. 

1866. Birmingham Major-General Sir H, Raw-'H. W. Bates, S. Evans, G. Jabet,. 

I linson, M.P , K.C.B , F.R S,l C. R. Markham, Thomas Wright. 

* Vtcle note on page li. 



PBBSIDENTS AND SKORETAEIES OF THE SECTIONS. 
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Date and Place 

Presidents 

Secretaries 

1866. Nottingham 

Sir Charles Nicholson, Bart., 
LL D. 

H. W. Bates, Rev. E. T. Cusins, R. 
H. Major, Clements R Markham, 
D. W. Nash, T. Wright. 

1867. Dundee ... 

Sir Samuel Baker, F.R.G.S. 

H. W. Bates, Cyril Graham, Clements 
R. Markham, S. J. Mackie, R. 
Sturrock. 

1868. Norwich ... 

Capt. G. II. Richards, R.N., 
F.R.S. 1 

T. Baines, 11. W. Bates, Clements R, 
Markham, T. Wright. 


SECTION E (continued). — geography. 

1869. Exeter Sir Bartlo Ficre, K.C.B., H. W Bates, ('lements R. Markham, 

LL.D., F R G S. J. 11. Thomas. 

1870. Liverpool... Sir R.I.Murchison,Bt.,K (Mh, II.W Bates, David Buxton, Albert J. 

LL.D.,D C L.,F.R S ,F G.S. Mott, (dements R Maikham. 

1871. Edinburgh Colonel Yule, C.B , F.R.G.S. A. Biiciian, A. Keith Jolinston, Cle- 

ments R Markham, J, H. Thomas, 

1872. Brighton... Francis Galton, F.R.S H. W. Bates, A Keith .Johnston, 

Rev. .1. Newton, ,T. H Tliomas. 

187.8. Bradford... SirRutlicrfoidAlcock,K C B. TT. W B.ates, A Keith Jolinston, 

Clements K. i\rarkham. 

1874. Belfast. . Major Wilson, R.E , F R.S , E G Ravonstem, E. C. Rye, J. H. 

F R.G.S. Tliomas. 

1875. Bristol Lieut. - General Strachey, H. W. Bates, E. C. Rye, F. F. 

R.E.,C.S.I.,F.R.S., F.R.G.S., i Tucket t . 

F.L S , F G S. 

1876. Glasgow ... Capt Evans, C B , F.R S H. W. Bati's, E. C. Rye, R. Oliphant 

Wood. 

1877. Plymouth.. Adm SirE (Jmmanney, C B , IT. W. Bates, F E Fox, E. C. Rye. 

F.RS., FR.G S, FRA.S. I 

1878. Dublin 'Prof. Sir C. Wyville Thom- 'John Coles, E. C. Rye. 

I son, LL D , F.R S. L.kE 

1879. Sheffield ...'Clements R Markham, C B , iH. W Bates, (\ E. I). Black E. C. 

I F R S , See R.G.S. I Rye 

1880. Swansea ... Lieut .-Gen Sir J H Lefroy, II W Bates, E (’ Rye 

I CB,K('MG,RA,FRS,| 

F R G S. I 

1881. York Sir J I) Hooker, KCSI,|J W. Baiiy, H W Bates 

C B , F R.S. 

1882. Southamp- i Sir R. Temple, Bart., G.C S.I , E. G. Ravenstein, E C. Rye. 

ton. I F.R.G S. I 

1883. Southport Lieut -Col II If. Godwin- John Coles, E G Ravenstein, E. C. 

1 Austen, F R S. Ryt* 

1884. Montreal ... Gen Sir J II I^efroy, C B, Rev AbbeLallamme, J S O’Halloran, 

! KCMG,FRS,VPRGS E G Ravenstein, J F Torrance. 

1886. Aberdeen... I Gen J T Walker, C.B., R E., J. S Keltic, J S O’lTalloian, E, G, 

LL.D , F R.S. Ravenstein, Rev G. A. Smith. 

1886 Birmingham ISIaj -Gen Sir F. J Goldsniid, F T S Houghton, J. S Keltie, 

! K C.S I , C B , F R G S E G Ravenstein 

1887. Manchester Col Sir C Warren, RE., Rev L C (\asaitelli, J. S Keltie, 

I G C.M G., F R S , F R G S H J IMackmder, E. G Ravenstein. 

1888. Bath Col. Sir C W. Wilson, RE, J. vS. Keltie, H J. Mackinder, E. G. 

K.C.B , F R S., F R G.S. Ravenstein. 

1889. Newcastle- Col. Sir F dc Wmton, J. S. Keltic, H J Mackinder, R* 

upon-Tyne K.C M G , C B , F R G S Sulivan, A Silva White. 

1890. Leeds Lieut -Col Sir R Lambert A Barker, John (Ailes, J S. Keltie> 

Playfair, KCMG,FRGS A Silva White. 

1891. Cardiff E. G Ravenstein, F R G.S., John Coles, J. S Keltie, H J Mac- 

F.S.S. kinder, A. Silva White, Dr. Yeats. 



KBPOBT — 1891 


ivi 


Date and Place Presidents 


Secretaries 


STATISTICAL SCIENCE. 

COMMITTEE OF SCIENCES, VI. STATISTICS. 

1833. Cambridge! Prof. Jiabbage, F.R.S | J. E. Drmkwatcr 

1834. Edinburgli 1 Sir Cliailes Lemon, liart 1 Dr. Cleland, C. Hope Maclean. 


SECTION F. — STATISTICS. 


1835. Dublin Charles Babbage, F.R.S. .. . 

1836. Bristol ' Sir Clias. Lemon, Bart , F.R.S. 

1837. Liverpool... Rt. Hon. Lord Sandon 

1 

1838. Newcastle , Colonel Sykes, F.R.S 

1833. Biimingliam .Henry Hallam, F.R.S 

1840. Glasgow . ^Rt Hon. Loid Sandon, M.P., 
F.R.S. 


1841. Plymouth... Lieut. -Col. Sykes, F R.S.. . . 


1842. Manchester 


0 W Wood, M P., F L.S. . . 


1843. Coik !nir C. L('mon, Bait , M.P. 

1844. York.. , .'Lieut -Col. Sykes, F R S., 

' F.L S. 


1845. Cambiidge lit. Hon. t lie Fail Fitzwilliam 

1846. Southamp- IG. R, Boiler, E.R S 

ton ! 

1847. Oxfoid Tia\cr.‘. Twis.-?, 1) C.L., F.R S. 


W. Greg, Prof. Longficld. 

Rev. J E. Bromby, C. B. Fripp, 
j James Hey wood. 

W. R. Greg, W Langton, Dr. W. C. 
Taylei . 

W. (Jaigill, J. Heywood, W. R. Wood. 
F. (Jarke, R. W. Rawson, Dr. W. C. 
Taylcr. 

C. R Baird, Prof. Ramsay, R. W, 
Rawson 

Rev Dr Byrth, Rev. R. Luney, R. 
W. Rawson 

Rev. R Luney, (1. W. Ormcrod, Dr. 
W. C Taylcr. 

Dr. D. Bullcn, Dr. W. Cooke Tayler. 
J Fletchci, J Heywood, Dr. Lay- 
cock 

J. Fletcher, Dr. W. Cooke Tayler. 

J. Fletchei, F G. P. Neison, Dr. W. 

C. Tayler, Rtiv. T L. Shapeott. 
Rev W. H. (k)x, J. J. Danson, F. G. 


I P Nelson. 

1848. Swansea . , J H Vivian, ALP., F.R S. . . J Fletcher, Capt. R. Shorlrede. 
1843. Birmingham Rl. Hon. Loid Lyttelton .. Dr Find). Pi of Hancock, F. G. P. 
' Neison, 


1850. Edinburgh 

1851. ipswdeh .. 

1852. Belfast .. . 

1853. Hull .. . . 

1854. LiveipooL. 

1855. Glasgow , 


Veiy Rev Dr. John Lee, 
V P R S.E. 

Sir John P. Boileau, Bart. . 
His Grace the Archbishop of 
Dublin. 

James Heywood AI.P., F R S. 
Thomas Tooke, F.R.S 

R Alonckton Milnes, M.P. ... 


ProL Hancock, J. Fletcher, Dr. J. 
Stalk. 

J. Fletcher, Prof. Hancock. 

Pi of Hancock, Prof Ingram, James 
MacAdam, jun. 

Edw.aid (Mioshire, W Newmarch. 

E. Chcsliire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

J. A. Caraj)hell, E. Cheshire, W. New- 
maich, Pi of. R. H. Walsh. 


SECTION K {continued). — ECONOMIC SCIENCE AND STATISTICS. 


1856. Cheltenham 


1857. Dublin 

1858. Leeds 


Rt. Hon. Lord Stanley, M.P. Rev. C H. Bromby, E. Cheshire, Dr, 
i W. N. Hancock, W. Newmarch, W, 
M. Tartt. 

His Grace the Aichbishopof Pi of. (Jairns, Dr. H. D. Hutton, W. 


Dublin, M.R.I.A. I Newmarch. 

Edwaid Baines 'T. B. Baines, Prof. Cairns, S. Brown 


I Capt. Fishboiirne, Dr. J. Strang. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place Presidents i Secretaries 

1869. Aberdeen... Col. Sykes, M.P., F.H.S [Prof. Cairns, Edmund Macrory, A. M. 

i Smith, Dr. John Strang. 

1860. Oxford Nassau W. Senior, M.A Edmund Macrory, W. Newmarch, 

I llcv. Prof. J. E. T. Rogers. 

1861. Manchester William Newmarch, E.R.S.... , David Chadwick, Ihof. R. C. Christie, 

E. jNIacioiy, Rev. Prof. J. E. T. 

1 RoglTN 

1862. Cambridge Edwin Cliadwick, C.B |H. D. Macleod, Edmund Macrory. 

1863. Newcastle . William Titc, M.P., F.R.S Duubleday, Edmund Macrory, 

Fredeiick Puidy, James Potts. 

1864. Bath William Farr, M.D., D.C.L.,'Fh Macroiy, E. T. Payne. F. Purdy. 

F.R.S. I 

1866. Birmingham Rt. Hon. Lord Stanley, LL.D.,! g. J. D. Goodman, G. J. Johnston, 
M.P. ' E Macroiy. 

1866. Nottingham Prof. J. E. T. Rogers R. Birkin, ]un., Prof. Leone Levi, E. 

Macroiy. 

1867. Dundee M. E. Grant-Dulf, M.P. .. . ,Prol. Leone Levi, E. Macrory, A. J. 

Wai den. 

1868. Norwich.. . Samuel Brown, Pres. Instit. Rev. Davie, Prof. Leone Levi. 

j Actuaries. 

1869. Exeter Rt. Hon. Sii SlaffoidH. North- ! E. M.icrory, F Ihudy, C T. D. 

I cote, Bart., C.B., M.P. Acland 

1870. Liverpool... Prot. W. Stanley Jevons, i\I.A. Chas. R. Dudley Baxter, E. Macrory, 

! I J. Miles Mos.^. 

1871. Edinburgh Rt. Hon. Loid Ncaves Ll. G. Fitch, -lames Meikle. 

1872. Brigliton .. Piof. Henry Fawcett, M P ^J. G. Fiteli, P)aiclay Pliillips. 

1873. Bradford . Rt. Hon. \V. E. Foistei, M.P.'.I. G Fitch, Swiic Smith. 

1874. Belfast Lord O'Hauan . jpiol. Lonnell, F P. Fellows, Hans 

i I JMacM Oldie 


1876. Bristol I-James Hey wood, M. A., F.R.S., F. P. Fellows, T. G. P Hallett, E. 

Pics. S.S jMcicioi} 

1876. Glasgow ... SirGeoigeCampbell, K.C.S.I ,'a. M Net 1 ( 'and, T. G. P, Hallett, Dr. 

M.P. I W N( iLun Hancock, Di. W. Jack. 

1877. Plymouth. .'pi.t. Hou. the Kail Ftntescuc W. F Loliiei, P Hallett, J. T. Pim. 

1878. Dublin... Prof. 3. K. Jniiram, LIj.D.,iw. J TLmcock, C. Molloy, J. T. Pim. 

I M.R.I.A. ^ I 

1879. Shellield .G Shaw Lefevre, M P , Pri's. ' Piof. Ad.im^on, R. E Leader, C. 

S.S Molloy. 

1880. Swansea.. .G W Hastings, M.P N. A lluniphieys, C. Molloy. 

1881. York Rt Hon IM E Grant-Duif, C ]M(»llov, W \\\ IMonell, J. F. 

MA,FRS Moss 

1882. Southamp- Rt Hon. G Selater- Booth, G Thiden-Powell, Prof H. S Fox- 

ton ]\IP,F.HS well, A Milnes, C l\lolloy. 

1883. Southport R. 11. IiilMis Palgiavc, F R S Rev M Cunningham, Piof. 11. S 

I Foxwell, .) N. Ke 3 'nes, C Molloy. 

1884. Montreal. Sir Richard Teni])le, Bait, Prot II "s Foxwell,.! S. IMcLcnnan, 

I GCSI,CI.E, FRGS PiotJ Watson 

1886. Aberdeen ..'Prof. H Sidgwick, D , Rev W Cunningham, Piof. 11 S. 

I Lilt D, Foxwell, C AlcCoinbie, .T F Mo.ss 

1886. Birmingham J B. Martin, M A , F S S F F Barham, Rev. W Cunningham, 

I Prot H S Foxwell, J F Moss 

1887. Manchester Robert Gitfen, LL.D ,V.P.S.S Rev \V Cunningham, F Y Edge- 

! woitli, T 11 Elliott, C Hughes, 

j Plot J E C. Munro, G II Sar- 

1 gant 

1888. Bath 'Rt. Hon. Loid Bramwcll, Piof F Y Edgeworth, T H Elliott, 

I LL D., F.R S. Prof H. S. Foxwell, L. L. F. R. 

Puce 


1889. Newcastle- IProf F. Y Edgeworth, M.A., Rev Dr. Cunningham, T. H. Elliott, 
upon-Tyne F S S. F, B Jevons, L L. F R Price. 
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Date and Place 

Presidents 

Secretaries 

1890. Leeds 

Prof A Marshall, M.A.,F.S S 

W A Brigg, Rev. Dr. Cunningham, 
T H. Elliott, Prof. J. B. C. Mimro, 
L. L. F. R. Price. 

1891. Cardiff. . 

Prof. W. Cunningham, D D , 
D.Sc., BkS S 

Prof J Brough, B. Cannan, Prof. 
E. C. K. Gonner, H. LI. Smith, 
Prof. W. R. Sorley. 


MECHANICAL SCIENCE. 

SECTION Q. MECHANICAL SCIENCE. 

1836. Bristol Davies Gilbert, D.C.L., F.R.S. T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool... Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle Cliailes Babbage, F.R.S R. Hawthorn, C. Vignoles, T. 

Webstei 

1839. Birmingham Prof. Willis, F.R.S., and Robt. W Carpinael, William Hawkes, T. 

Stephenson. Webster. 


1840. Glasgow.... Sir John Robinson J. Scott Russell, J. Thomson, J. Tod, 

C. Vignoles. 

1841. Plymouth John Taylor, F.R.S Henry Chatfield, Thomas Webster. 

1842. Manchester Rev. Piof. Willis, F.R.S J. D. Bateman, J. Scott Russell, J, 

Thomson, Charles Vignoles. 

1843. Cork Prof. J. Macneill, M.R.I.A James Thomson, Robert Mallet. 

1844. York lohn Taylor, F.R.S Charles Vignoles, Thomas Webster. 

1846. Cambridge George Rennie, F.R.S Rev. W. T. Kingsley. 

l846.Southamp^on Rev. Prof Willis, M. A., F.R.S. William Betts, 3110 , Charles Manby. 

1847. Oxford . . Rev. Prof Walker, M. A., F.R 8 . J Glynn, R. A Le Mesurier. 

1848. Swansea Rev Prof.Walkcr, M.A .F.R S R. A. Lc Mesurier, W. P. Struv 6 . 

1849. Birmingham Robt. Stephenson, M.P , F.R.S. Charles Manby, W P Marshall. 

1860 Edinburgh Rev. R. Robinson Dr Lees, David Stephenson. 

1861. Ipswich William Cubitt, F R.S John Head, Chailes Manby. 

1862. Belfast John Walker, C.E., LL.D., John F. Bateman, 0. B. Hancock,. 

F.R.S. Chailes Manby, James Thomson. 

1863. Hull .... William Faiibairn, C.E., James Oldham, J. Thomson, W, 

F R S. Sykes Ward. 

1854. Liverpool.. John Scott Russell, F.R.S. ... Jolin Giantham, J. Oldham, J. 

Thomson. 

1865. Glasgow W. J. Macquorn Rankinc, L. Hill, pin , William Ramsay, J 
C.E., F.R S Thomson. 

1856. Cheltenham George Rennie, F R.S C. Atheiton, B. Jones, jun., H. M. 

J etfery . 

1857. Dublin Rt. Hon. the Earl of Rosse, Prof Downing, W.T. Doync, A. Tate, 

F.R.S. James Thomson, Henry Wright. 

1858. Leeds ... William Faiiliairn, F.R S. .. J. C. Dennis, J. Dixon, H Wright. 
1851>. Abeideen... Rev. Prol. Willis, M.A. , F.R.S. R. Abernethy, P. Le Neve Foster, H, 

Wright. 

1860. Oxford Prof.W.J Macquorn Rankine, P. Le Neve Foster, Rev. F. Harrison, 


LL.D., F.R S. Henry Wright. 

1861. Manchester J F. Bateman, C.E., F R.S... . t*. Le Neve Foster, John Robinson, 

H. Wright. 

1862. Cambridge Wm. Fairbairn, LL.D., F.R.S. W. M. Fawcett, P. Le Neve Foster. 

1863. Newcastle Rev. Prof. Willis, M.A. , F.R.S P. Le Neve Foster, P. Westmacott, 

J. B". Spencer. 

1864. Bath J. Hawkshaw, BbR.S P. Le Neve Foster, Robert Pitt. 

1865. Birmingham Sir W. G. Armstrong, LL.D., P. Le Neve Booster, Henry Lea, 

BMl.S. W. P. Marshall, Walter May. 

1866. Nottingham Thomas Hawksley, V.P.Inst P. Le Neve Booster, J. B^. Iselin, M. 

C.E , B^ G.S. O. Tarbotton. 

1867. Dundee Prof.W.J. Macquorn Rankinc, P. J^e Neve B’oster, John P, Smith, 

LL.D,, B"* R.S. W. W. Urquhart. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place Presidents Secretaries 


1868. Norwich ... G. ,P. Bidder, C E , F.R.G.S P. Le Neve Foster, J. F Iselin, C. 

Manhy, W. Smith. 

1869. Exeter C. W. Siemens, F.R.S P. Le Neve Foster, H. Bauerman. 

1870. Liverpool... Chas B Vie;noles, G.E., F.R.S. H. Bauerman, P. Le Neve Foster, T. 

King, J. N. Shoolbred. 

1871. Edinburgh Prof. Fleeminu Jcnkin, F.R.S. H. Bauerman, Alexander Leslie, 

J. P. Smith. 

1872. Brighton ... F. J. Bramwcll, C.E H. M. Brunei, P. Le Neve Foster, 

J. (}. Gamble, J. N. Shoolbred. 

1878. Bradford ... W. 11. Barlow, F R.S Crawford Barlow, H. Bauerman, 

E. 11. Carbutt, J. C. Ilawkshaw, 
J. N. Shoolbied. 

1874. Belfast Prof, dames Thomson, LL.D., A. T. Atchison, J. N. Shoolbred, John 

C E , F R.S.E. Smyth, ]un. 

1876. Bristol W. Froude, C.B , M.A., F.R.S. W. R. Biowne, H. M. Brunei, J. G. 

j Gamble, J. N. Shoolbred 

1876. Glasgow ... C. W. Merrifield, F.R.S 'w. Bottomley, jun., W. J. Millar, 

I J. N. Shoolbred, J. P. Smith. 

1877. Pljunouth... Edward Woods, C.E A. T Atchison, Dr. Merrifield, J. N, 

j Shoolbred. 

1878. Dublin l^dwaid Easton, C E A T. Atchison, R. G. Symes, H. T. 

Wood. 

1879. Sheffield ... , I. Robinson, Pres. Inst. Mech. A. T. Atchison, Emerson Bainbridge, 

Eiu> ' H T Wood. 

1880. Swansea ... JaiiU'S Aheriiethy, V.P. Inst.'A. T. Atchison, H. T. Wood. 

C E , F R S E. ; 

1881. York Sir W G Armstrong, CB,'A T Atchison, J F Stephenson, 

LL D , D C L , F K S i TT T Wood 

1882. Southamp- .John Fowhu, C E , F G S. . .|a T Atchison, F Cliurton, H. T. 

ton 1 Wood. 

1883. Southport Janies Brnnlees, FRS,E,'A T Atchison, K Rigg, H T. Wood, 

Pies.Inst C E I 

1884. Montreal... Sir F J Braimvell, F R S., A T Atchison, W. B Dawson, J. 

V.P Inst CE. j Kennedy, II T Wood. 

1885 Aberdeen B Bakei, M Inst C E lA T Atchison, F G Ogilvie, E. 

; i Rigg, J N Shoolbred 

1886 Birmingham I Sii J N Iton^lass, M Inst !C W Gooki', J Kenward, W. B. 

(' E I Maishall, E Rigg 

1887 Manchester Prof Osliorno Reynolds, M A ,|C F. Budonberg, W B Marshall, 

LL D, F KS ^ I E. Rigg 

1888. Bath W It Preece, F.RS.,tC. W Cooke, W B Marshall, E. 

M Inst C E j Higg, P K. Stothert 

1889. Newcastle- W AndiMMUi, i\I Inst C E. ... C W Cooke, W P> Maishall, lion. 

upon-Tyne j C A P.iisons, p] Rigg. 

1890. Leeds (\npt A, Noble, C.B, F.RS.,:E K Clark, C. W Cooke, W. B. 

P’ R A S Marshall, PJ Rigg 

1891 Cardiff...,, 4’ Forster Blown, 1\I Inst C Pi iC W (k)oke, Prof. A. C. Pllliott, 

I W. B Marshall, E Rigg. 


ANTHROPOLOGICAL SCIENCE 

SECTION H. — ANTHROPOLOGY. 

1884. Montreal... E B Tylor, D C L , F R.S. ... G W Blox.am, W Hurst 

1886. Aberdeen... P’lancis Gabon, M.A., P' R.S G. W lUoxani, Dr J G Garson, W. 

^ Hurst. Dr A. ]\Iacgregor. 

1886. Birmingham ' Sir G. Campbell, K C.S.I , G W. Bloxaiii, Dr. J G. Garson, W 
1 M.P , D C.L , F.R.G.S. Humt, Di. R. Saundby. 
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Date and Place 

1887. Manchester 

1888. Bath 

1881). Newcastlo- 
uj;)on-TyiH‘ 

1890. Leeds .. 

1891. Cardifl. . 


Date and Place 

1842. Manchester 

1843. Cork , ... 

1844. York... . 

1845. Cambridge 

1846. Southamp- 

ton. 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgli 

1861 . Ipswich . . 

1862. Belfast . 


Presidents 

Secretaries 

Plot. A H. Savee, M A 

Lieut -General Pitt-Rivers, 
D.f^ L , F R S 

Plot Sir W Tin mu, M B., 
LL D , F.R S 

I)i J Evans, TieasKS, 

F S A., F L S , F.O S 

Pi of F Mhx Mu11(T, M a. 

G W Bloxarg, Dr. J. G. Garson, Dr. 
A. M Pateibon. 

G. W. Bloxam, Dr. J. G. Garson, J. 
Harris Stone. 

G W. Bloxam, Dr, J. G. Garson, Dr. 

R Mori-.on, Dr R Howden. 

G. W Bloxam, Dr C, M. Chadwick, 
Dr J G Garson 

G W Bloxam. Piof R Howden, H 
Ling Roth, E Si'ward 

LIST OF EVENINO 

LECTURES. 


Jjecluier 

1 

Icharlc*' Vignoles, K.ll.S... . 

I 

|SirM r Brumd 

11 I Muichison 

Pn.t OvvMm, M D , P.ll S .... 
Prof E Eoibes, E.ll.S 

i l)i lh)t)ins()n 
I ( 'liai h's fi;\ ell, E 11 S 
|l)j Ealconci , F II S 

j(J I? .\h \ .F II S ,Astron Boval 
: U 1 iMuichison, F.ll S. 

Prut ()v\<‘n, A1 L) , F.R S 
,(3iarles Tjvell, F R S. ... 

W, R (Iroxe, F.R.S 


lllev Prof. P>. Powell, F.R.S. 

I Prof M Faiaday, F R S ... 

Iluiih E Sti ickland, F G.S. . 
Jol.n Percy, M D , F.R S.... 

W. CaijHMiter, M.D , F.R S 

Dr Faraday, F.R.S 

Rev Prol. Willis, M.A., F.R.S 

Prof. J. H Bennett, M D , 
F.R S.E. 

,Dr Mantell, F.R.S 

jProf. R. Owen, i\l.D., F.R.S. 

O P. \ ii;y ,F R S jAstron. Ro} al 
Prof (1 (J. Stoke.s, D.O.Tj , 

F R S. j 

(tolonel Portlock, R E., F R S. 


Subject of Discourse 


The l‘iinci])lcs and Construction of 
Atm().s])hciic Railway.s. 

The Thames Tunnel. 

The (leolouy of liiLssia. 

The Dinornis of New Zealand. 

The Distribution of Animal Life in 
the M^gcan Sea. 

'I’hc Eail of Rosse*h Telescope. 

tteology ol North Ameiica 

rh(' Gigantic Toitoise of the Siwalik 
Hills in India. 

Piogiess ot Ti'riestiial Magnetism. 

Geolog V of Russia. 

Fossil Mtimmaliaof tlie British Isles. 

Valley and D(>ltaot the Mississippi. 

Piopeitiesof the Explosive substance 
discovered by Di. Schonbein; also 
some Researches ot his own on the 
Decomjiositioii of Water by Heat. 

Shooting Stars 

Magnetic and Diamagnetic Pheno- 
mmia 

Tlie Dodo {Ihdus: ntepins) 

\Jetalluigieal Opeiationsof Swansea 
and its Neighbourhood 

Recent Microscopical Discoveries. 

Mr Gassiot ’s Bat 1 ery 

Tiansit of ditlerent Weigdits with 
vaiying Vidocities on Railways. 

Passatu' of the Blood through the 
minute vi'sselsof Animals in con- 
lu'ction with Nutrition. 

Extinct Buds of New Zealand. 

Distinct ion between Plants and Ani- 
mals, and their changes of Form. 

Total Nilar Eclijise ol July 28, 1861. 

Recent Discoveries in the properties 
of Light 

Recent Discovery of Rock-salt at 
Cairickfergus, and geological and 
practical considerations connected 
with it. 



LIST OF EVENING LECTURES. 


Ixi 


Date and Place Lecturer Subject of Discourse 

1853. Hull Prof. J. Phillips, LL.D.jF.R.S., Some peculiar Phenomena in the 

F.G.S. Geology and Physical Geography 

of Yorkshire. 

Robert Hunt, F.R.S The present state of Photography. 

1854. Liverpool... Prof R Owen, M.D., F.R.S. Anthropomorphous Apes. 

Col. E. Sabine, V.P.R.S Progress of Researches in Terrestrial 

Magnetism. 

1856. Glasgow ... Dr. W. B G.arpcntcr, F.R.S. Characters of Species. 

Lieut. -Col. II. Rawlinson ... Assyrian and Babylonian Antiquities 
and Ethnology 

1866. Cheltenham Col. Sir H. Rawlin.son Recent Discoveries in Assyria and 

Babylonia, with the results of 
Cuneiform research up to the 
present time. 

W. R. Grove, F.R.S Correlation of Physical Forces. 

1857. Dublin Prof. W Thomson, F R S. ... The Atlantic Telegraph 

Rev Dr Livingstone, D C L. Recent Discoveries in Africa. 

1868. Leeds ... Prof. .1 Pliillips,LL.D ,F.R S. The Ironstones of Yorkshire. 

Prof R. Owen, M.D , F R.S. The Fossil Mammalia of Australia. 

1869. Aberdeen . vSir R I. Murchi.son, D.C L Geology of the Northern Highlands. 

Rev. Dr Rohmson, I\H.S ... Electiical Discharges in highly 
rarefied Media. 

1860. Oxford Rev. Prof Walker, F R.S. . Physical Constitut ion of the Sun, 

Captain Shcrard Osborn, R.N. Aictic Discovt'ry. 

1861. Manchester Piof W A Miller, M.A ,F R S Spectrum Analysis 

G R Airy, F.R.S, Astron The late Ecli]''sc of the Sun. 

Royal . 

1862. Cambridge Prof Tyndall, LL.D., F.R S The Foims and Action of Water. 

Prof. (Idling, F R.S Oigamc Chemistry. 

1863. Newcastle Piol. Williamson, FR.S... The C'hemistiy ot the Gahanic Bat- 

tciy considered in lelation to 
Djnamics. 

James Glaisher, F RS .. The Italloon Ascents made for the 
Rritish Association. 

1864. Bath Prol. Roscoe, F.R.S The Chemical Action of Light. 

Dr. Livingstone, F R.S. .. Recent Travels in Atiica. 

1866. Birmingham J. Beet e Jukes, F.R S Probabilities as to the position and 

extent of the Coal-measures be- 
ncatli the red rocks ot the Mid- 
land Counties. 

1866. Nottingham William Huggins, F.R S. . The results ot Spectrum Analysis 

applied to Heavenly Bodies. 

Dr. .1. D, Hooker, h\R S. .... Insular Floras 

1867. Dundee Arcliibald Geikie, F.R S. ... Tlie Geoloo;ieal Origin of the present 

tSceniuy ol Scotland. 

Alexander ITeiscliel, F It A S The piresent slate of Knowledge re- 
garding- l\letcoi.s and Meteorites. 

1868. Norwich ... .f. Feigusson, FR.S \ich:eolo(>y (J the early Buddhist 

Monuments. 

Dr. AV. Odling, F.R.S Reverse Chemical Actions. 

1869. Exeter Pi.M J Phillip'^, LL D ,F R.S Vesuvius. 

J Norman Lockyei FR.S .. The Physical Constitution of the 
Stais and Nehnl.c. 

1870. Liverpool , Prof J Tjmdall, Lfv D , F R S ThoSciont ihcUseof the Imagination. 

Piof.W .1 AIae(iuoin Rankiiu', Stream-lines and Waves, in cunncc- 
LL D , F R S. tion with Naval Architecture 

1871. Edinburgh F, A. Aliel, F.R.S Some recent Investigations and Ap- 

plications of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitiv e to Modern 

(hvilisation. 
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Date and Place 

Lecturer 

Subject of Discourse 

1872. Brighton ... 

Prof. P. Martin Duncan, M.B., 
F.E.S. 

Insect Metamorphosis. 


Prof. W. K Clifford 

The Aims and Instruments of Scien- 
tific Thought. , 

1873. Bradford ... 

Prof. W. C.Williamson,F.R.S. 

Coal and Coal Plants. 


Prof. Clerk Maxwell, F.R.S. 

Molecules. 

1874. Belfast 

Sir Jolin Lubbock, Bart.,M.P , 

Common Wild Flowers considered 


F.Il.S. 

in relation to Insects. 


Prof. Huxley, F.R.S 

The Hypothesis that Animals are 
Automata, and its History. 

1876. Bristol 

W.Spottiswoodc,LL.D., F.R.S. 

The Colours of Polarised lughi. 


F J. Bramwell, F.R.S 

Railway Safety Appliances. 

1876. Glasgow ... 

Prof. Tait, F.R.S.E 

Force. 


Sir Wyville Thomson, F.R S 

The ChaUrngtr Expedition. 

1877. Plymouth... 

W Warmgton Smyth, M.A., 

The Physical Phenomena connected 

F.R.S. 

with the Mines ot Cornwall and 
Devon. 


Prof. Odling, F.R.S 

The new Element, Gallium. 

1878. Dublin 

G J. Romanes, F.L S 

Animal Intelligence. 


Prof. Dewar, F.R.S 

Dissociation, oi Modern Ideas of 
Chemical Action. 

1879. Sheffield ... 

W. Crookes, F.R.S 

Radiant Matter. 


Prof. E Ray Lankester, F.R.S. 

Degeneiation 

1880. Swansea ... 

Pi of W.Boyd Dawkins, F.R S 

PrmK'val ]\Iaii 


Francis Galton, F R S 

Mental Imagery. 

1881. York 

Prof Huxley, Sec. R.S 

The Rise and Progress of Palaeon- 
tology. 


W. Spottiswoodo, Pres. R.S. 

The EU'ctric Discharge, its Forms 
and its F auctions 

1882. Southamp- 

Prof Sir Wm.Tliomson, F.R.S 

Tides 

ton 

Prof H N Moseley, F R S 

Pelagic Lite 

1883. Southport 

Prof R S Ball, F.R S 

Recent Resi'a relies on the Distance 
of the Sun. 


Prof, J. G McKendiick, 
F.R S.E. 

Galvanic and Animal Electricity. 

1884. Montreal... 

I’rof O. J liodge, D Sc ... . 

Dust 


Rev W 11 Dalhnger, F R S 

The Modern Microscope in Re 
searches on the T^cast and Low’-est 
Forms of Life 

1886. Aberdeen . 

Prof \V G Adams, FRS ... 

The Eleetrie Light and Atmospheric 
Absorption 


John Murray, F R.S.E 

The Great Ocean Basins 

1886. Birmingham 

A W Rucker, M.A., F.R.S. 

Soap Bubbles. 

Prof W Rulhcrfoid, M D. ... 

The Sense of Hearing 

1887. IManchester 

Prof H B Dixon, FRS . 

Tlie R.-xtc (M Ex])losions in Gases. 


Col Sir F do Win ton, 
K ( xM C 

Explorations in Central Africa 

1888. Bath. . .. 

Prof W E Ayrton, FRS ... 

The Electrical Transmission of 
Power. 


Prof T. C Bonney, 1) Sc , 

Tlie Foundation Stones of the Earth’s 


F R S. 

Cru.st 

1889 Newcastle- 

Prof W. C. Roberts- Austen, 

The Hardening and Tempering of 

upon-Tyne 

FRS. 

Steel. 


Walter Gai diner, M.A 

How Plants maintain themselves in 
the Struggle for Existence. 

1890. Leeds 

K B. Poulton, M.A., F.R.S .. 

Mimicry 


Prof C. Vernon Boys, F R S. 

Quartz Fibres and their Applications. 

1891. Cardiff . . . 

Prof.L.C Miall,F.LS.,F.G S 

Some Difficulties in the Life of 
Aquatic Insects 


Prof A W. Rucker, M A ,F.R S 

Electrical Stress 



LECTUKES TO THE OPERATIVE CLASSES- 
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LECTUEES TO THE OPERATIVE CLASSES. 


Date and Place Lecturer Subject of Discourse 

1867. Dundee Prof. J. Tyndall, LL.D.,F R S. Matter and Force. 

1868. Norwich ... Prof. Huxley, LL.D., F.R.S. A Piece of Chalk. 

1869. Exeter Prof. Miller, M.D., F.R.S. ... Expeiimental Illustrations of the 

modes of detecting the Composi- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

1870. Liverpool. Sir John Lubbock, Bart., M P., Savages. 

F.R.S. 

1872. Brighton ... W.Spottiswoode,LL D., F.R.S. Sunshine, Sea, and Sky. 

1873. Bradford ... C.W. Siemens, D.C.L., F.R.S Fuel 

1874. Belfast Prof. Odling, F R.S The Discovery of Oxygen. 

1875. Bristol Di. W. B. Carpenter, F.R.S A Piece of Limestone. 

1876. Glasgow ... Commander Cameron, C.B., A Journey through Africa. 

R.N. 

1877. Plymouth... W. H. Preece Telegrapliy and the Telephone. 

1879. Sheffield ... W. E. Ayrton Klcctiicity as a Motive Power. 

1880. Swansea ... 11. Seebohm, FZ.S The North-East Passage. 

1881. York Prof. Osborne Reynolds, Raindiops, Hailstones, and Snow- 

F R.S flakes 

1882. Southamp- John Evans, D.C.L ,Treas R S Unwritten Ilistoiy, and how to 

ton. read It. 


1883. Soutlip )il Sir F. J. Bramwell, F R S. ... Talking by Electricity — Telephones. 

1884. Montreal ... Prof R. S Ball, FRS Comets 

1885. Aberdeen ... H. B Dixon, M.A The Natuie of Explosions 

1886. Birmingham Piof. W C. Roberts-Aubten, The Colouis of Metals and their 

F.R S Alloys 

1887. Manchester Prof. G Forbes, F R S Elect iic Lighting. 

1888. Bath Sir John Lubbock, Bart., M.P., The C’ustoms of Savage Races. 

F R.S. 

1889. Newcastle- B. Baker, M.Inst.C.E The Forth Bridge. 

upon-Tyrie 

1890. Leeds Prof. J Peiry, D Sc., F.R S. Spinning Tops 

1891. Cardiff ... Prof S P. Thompson, F R S Eleetiicity in Mining 
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REPORT— 1891. 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE 
CARDIFF MEETING. 


SECTION A. MATHEMATICAL AND PHYSICAL SCIENCE. 

President. — Profcvssor Oliver J, Lodge, D.Sc., LL.D., P.R.S. 

Vice-Presidents. — Sir Robert Ball, F.R.S. ; W. Crookes, P.R.S. ; Professor 
G. Carey Foster, F R.S. ; Rev. Robert Harley, P.R.S. ; Professor 
J. Viriarau Jones, M.A. ; Professor H. Lamb, F.R.S. ; Professor H. 
A. Newton ; Professor A. W. Riicker, F.R.S. 

Secretaries, — R. E Baynes, M.A. (Recorder) ; J. Larmor, M.A. ; Professor 
A. Lodge, M.A. ; Professor A. L. Selby, M.A. 


SECrrON B — CHEMISTRY AND MINERALOGY. 

President . — Professor W. Chandler Roberts-Austen, C.B., F.R.S., F.C.S^ 
Vice-President — Sir P. A, Abel, K.C.B., F.R.S. ; W. Crookes, P.R.S. ^ 
Dr. J. H. Gladstone, F.R.S. ; Professor G. D. Liveing, F.R.S. ; Pro- 
fessor H. McLeod, F R.S. ; Professor R. Mcldola, F.R S. ; Ludwig- 
Mond, F.R.S. ; Professor C. M. Thompson, M.A. 

Secretaries. — C. H. Bothamley, F.C.S. ; H. Forster Morley, D.Sc^ 
(Recorder) ; W. W. J. Nicol, M.A. ; G. S. Turpin, M.A. 


SECTION C. — GEOLOGY. 

President — Professor T. Rupert Jones, F.R S , P.G S. 

Vice-Presidents. — Sir Archibald Geikie, For.Scc.R.S. ; Dr. H. Hicks, 
F.R.S ; Professor C. Lapworth, F.R.S. ; Professor W. J. Sollas, 
F R.S. ; Rev. H. H. Winwood, M.A. ; Professor G. Frederick 
Wright ; Professor F Zirkel, Ph.D. 

Secretaries . — W. Galloway ; J. E. Marr, F.R.S. ; Clement Reid ; W. W. 
Watts, M.A. (Reeorder). 


SECTION D. — BIOLOGY. 

President . — Francis Darwin, M.A., M.B., P.R.S., F.L.S. 

Vice-Presidents. — D. H. Scott, M.A. ; Professor W. Stirling, M.D. ^ 
Dr. R. H. Traquair, F.R.S. ; Professor H. Marshall Ward, E\R.S. 

Secretaries — F. E Beddard, M.A ; Professor W. A. Herdraan, D.Sc.; 
Sydney J. Hickson, D.Sc. (Recorder); George Murray, F.L.S. ; Pro- 
fessor W. Newton Parker, Ph.D. ; Harold Wager. 



OFFICEKS OF SECTIONAL COMMITTEES. Ixv 


SECTION E. — GEOaRAPHY. 

E. G. llavenstein, F.JI.G.S., E.S.S., F.HS.G.S. 
Vice-Presidents. — Colonel Sir Francis de Winton, K.C IVI.G., C.B ; H. 
Seebohm, Hon. Sec. H G.S. 

Secret — Jolin Coles, F.R G S. ; J. Scotfc Keltic, F.R.G.S. (Re- 
corder') ; A. Silva White, F.Il.S.E. ; Dr. Yeats. 

SECTION F. — ECONOMIC SCIENCE AND srAIISlTCS. 

President. — Professor Cunningham, D D., D.Sc., F.S.S. 

Yice-P residents — Professor C. F. B.isfable, F.S.S. ; Professor h’. Y. 
Edgeworih, F S.S. ; Hon. Sir Charles W. Fremantle, K.C B. ; J. B. 
Martin, F S.S. 

Secretaries — Professor J. Brough, hfj I) ; Professor F. C. K Gonuer, 
F.S S. (Recorder) ; Professor W B Soiley, M.A. 

SECTION G. — MECHANICAL SCIFNCE. 

President. — T. Foster Brown, M Tnsfc.C F. 

Vice-Presidents. — James Abernethy, ]\1 Inst C F ; Sir Benjamin Baker, 
K.C.MG., F.R.S ; J. Wolfe Dairy, M.Tnst.C.F.; G. Chattel ton, 
M.Inst C.F. ; Professor Osborne Kcyiiclds, F K.S. ; T. Hurry Riclie.s, 
]\[.Inst.C.F. 

Secretaries. — Conrad W. Cooke ; Professor A. C. Flliott, D Se ; W. Bayley 
Marshall, M.Inst C.F. ; F Higg, M.A. (Recorder). 

SECTION n. — AN'IHROVOLOGY. 

President. — Professor F. Max Muller, M.A. 

Vice-Presidents — The Marqne.«s of Bute, K.T. ; F. W. Brabrook, F.S. A. ; 
J. G. Gar.son, U D. , Dr. F. B. Tylor, F.R S. 

Secretaries . — G. W. Bloxam, M.A. (Recorder)', H. Ling Roth; FJwiii 
Seward. 


1891 , 


d 
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REPORT — 1891 


Dr. 

18in)-01. 


THE BEITISH ASSOCIATION FOE 


THE GENERAL 

From the commencement of the Leeds Meeting, 1890, and not 


RECEIPTS. 


•y Balance brought forwar-l 

, New Life Compositions at Leeds Meeting and j<mce 

, New Animal ^leinbeia „ ,, 

, Annual Subsciiptions „ „ 

, Associates’ Tickets at Leeds Sfecting 

, LadicH’ Tickets „ „ 

, Sale oi Publications 

, Rent received from Mathematical Society, foi ycai ended 

Septcmbei 29, 1890 

, Inteuist on Exchciiuer Bills 

, Uividciids on Consols 

, Dividends on India 8 pei cents 

, Amount received from Mr Sclator on account of Giant 

‘ Zoology and Botany of West India Islamls ’ 

, Amount received fiom l)i 11 Woodvvaul, being unexpended 
balance of Grant for ‘ Lias Beds in Northamptonshire’ . . 

, Amount received from Professor G F Fitzgerald, lieing un- 
expended balance of Grant made for ‘ Electrolysis’ 

,, Amount received from Professor ]\L Foster, being the unex- 
pended balance ot Grant made for ‘ Botanical Station at 
I'cradeniya ’ 


£ s. cf. 
2!)8 16 0 
260 0 0 
194 0 0 
608 0 0 
078 0 0 

‘xn 0 0 

47 17 G 

12 15 0 
16 9 1 
22; 18 4 
106 6 0 

100 0 0 

IG 12 0 

2 2 G 


2 0 0 



InvestmenU Accovnii My 31, I 80 I. 

£ i. d, 
8500 0 0 
3600 0 0 
600 0 0 


New Consols. M.w. 
India 3 per cents. 
Exchequer Bills . 



BAL^IKCE SHEET, 1890-91 


THE ADVANCEMENT OF SCIENCE. 

TREASURER’S ACCOTOT Cr, 

incladiiig receipts on acconnt of the Cardiff Meeting, 1891. 

PAYMENTS, 

£ t, d. 

To lix^x'nses of Lrcds Meeting'-, iricludituj, riinlin^ and Adver- 
ti-iing, purchase of JJanucrs, and |xiymont.s in ro[X3ct of 

New Offices .862 ]<) .3 

„ Salaries, one year (181)0-91 ) 528 15 0 

,, Ik'pt of Office*, 22 Albemarle Street, W- (1890-Ul) 117 0 0 


AvithmpoiwotTiT ro'.*’nultf'^ , 

IrapoA'mK 'I’ow-uot 

Kh‘t‘<iKil\ fn>u» I’oiutb 

Isotiifric N‘\i)*'ith*,l<*up Pc'iv 

fiot» iiK'a) feUtioii rtt IVindcriuA 
V-anation^! of Teii'pi mtnit ui l^kcs , . 

Pilot (jpraphs of M< toor<»lutrnal rJi<'nouieu.i 
t 'oi n 'i]K)i»(l»<sfr Soi'irtu*^ . , , 

EnVL*stlJLr.itlOW of C,iV<*s Ht KlIxiltMR , 

Kortli'-Wr.OMif 7'rjl'os of 

yyl,l^ IleiN of ]S’ortli.tmittons<hiie , 

M«'t<>()rolo0cal Clj^orviitiort', on Boi# Xevis 
Seisiiiolomi <il rhru(*mcii.i of Jap.ik 
C teologic.il liCLoni ... 

Aritliropologioal Notc'^ amt Qiktk's ..... . .. 

Mlectrol.vM8 . .... 

Action of Light oil P\cs 

Aualysi' of Iron and Steel . ....... 

tJltr.i'VJotet iiovs of Solar S|H’ctrnm 

A< tinri of Wavc'i and Cuiicntsin Lstuaitcs .. 

Fossil PhyElopoda 

PkotovripJis of (ioologii.il Interest 

Formation of Haloid .salt.-. 

PisappearaMco of Native Phnts 

Vole.mic Phenonnrn.i ot ^ c-iuius.. 

T{( iristnition of Ty jK-s|(rcifueu'. ol r<issil& 

Klectrical Standards . ... 

Marine lHoJogieal Associatwn at Phomutli .... 


By Balance at Ihmk of England, Western Branch, 
I^^ess Cheques issued, but not presented to date 


la hands of Assistant to GIcneral Treasurer ... 


000 13 1! 

67 15 0 

842 18 11 
3 2 3 

— 84G 1 2 

£2883 IG 6 


J. II. Gladstone, 1 . . 

Hbkbbbt McLBOi>» j * 


/aiy 31, 1891. 
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Table showing the Attendance and Receipts 








Date of Meeting 

Where held 

Presidents 

Old Lite 
Meiribers 

New Life , 
Members 1 


1881, Sept. 27 . 

York 

The Karl Fitzvvilliam, D C.L 

... 



1882, June 151 ... 

0x1 oul 

I’lu^ Kcv. W. Biicklund, BMt.S. 




1888, June 28 ... 

C.imlnidgo 

The llev. A. Sedgwick, E.ll S. 




1881, Sept. 8 ... 

Edinburgh 

SirT M. B.n.sbane.D.C L .... 




1885, Aui^. 10.. 

Dublin 

'I'he Ki'v, Biovost Jihnd, LL D 




188(5, Aiu^. 22 . 

Itll'^lol 

The Manpus ot Lansduwne . 


... 


1887, Sept. 11 

Livcipool 

'I’lie Eail of P>uilinglon, E R S 

... 

... 


1888, Aul^-. 10 ... 

Newcastle-on-T} iie 

'riu‘ Duke of Nortluiniheiland 

... 



1880, Aui.^ 2(5... 

P.iiniiimbam 

Tlie Ih'v. W VeiiKvn TTai court 




1810, Sept. 17 ... 

Obisgow 

The iMarc(ui.s of Bieadalhane .. 

1 69 



1811, July 20 ... 

riynioiith 

The llev W Whcwoll, E.ll S. 

(55 

D.O 


1812, June 28 ... 

iNlancliester 

Tlie Loul Fiancih Egerton . . 

303 


1848, Auo: 17... 

Cork 

The Eail of Ilossc, EPS .... 

109 

28 


1811, Sept. 2(5 .. 

Yoik 

The llev G. Peacock, D D ... 

226 

1,50 


1815,. Juno 11) ... 

Cambridge 

Sii .John F. 'W Hc'rschol, Part 

313 

3(5 


laifl, Sept. 10 ... 

Southampton 

Sn llodcuickl Murchison, Bait 

241 

10 


1817, June 28 ... 

Oxford 

Sn Jlohert ll inglis, Bail 

31 I 

IS 


1818, A uu. 9 .. 

Swansea . . 

The MaKpiisol \oil lianpiton 

1 15) 

.5 


1815), Sept. 12 ... 

Birmingham 

The llev, T 11 llobinson, D D. 

227 

12 


1850, July 21 ... 

Kdinburgh .. 

Sir David Bicwslei, K 11 

235 

9 


1851, July 2 ... 

lliswich 

G. B All V, Asl lonomci llo'val 

172 

8 

10 


1852, Sept. 1 ... 

Bxdlabt 

Lieut -(Jmieial Saluiu', F.ll.S, 

164 


1858, Sept 8 . . 

Hull 

William llo]>Is]ns, F II S 

141 

13 


1851, Scpl 20 

Tiivei])uol . 

TIm' Eail ot Haio'wbv, F ll S 

238 

23 


1855, Sept. 12 ... 

(llasgovv 

'J’he Duk(‘ of Aii'vll, F ll S 

15G 

33 

It 


ISoO, Aii^f (5 .. 

Chell (‘Ilham 

Ihof C G B Daulietn, M D 

182 


1857, Auer. 2(5 . 

Dublin . 

Th(‘ Ilev.Huinpbicy Plovd,!) D 

236 

3 5 


1858, Se])t 22 . 

Leeds 

llieliaid Ow(‘n, M D , D C 1.. 

222 

42 


1859, Se].t. 14 .. 

Aboideen 

H ll H the Ibinee Consort 

181 

27 


1800, June 27 . . 

1 Oxtold . . . . 1 

The Bold Wiolte.slev, "M A 

28(5 

21 


18()1, Sept 4 ... 

! Mancliester 

WilliainEaiibairn,LL D ,F ll S 

321 

313 


18G2, Oct. 1 ... 

[ Cambridge ... ' 

The Il(‘v. PioiessoiAVilli^, IM A 

239 

15 


18G8, Auk-. 26 

1 NcwCcistle-on-Ty lu* ! 

SirtVilliam G Armsliong, C 15 

203 

36 


18(51, Sept, 18 .. 

1 I’.ith . . i 

Sii (!hailes L\ell, Bait , IM A. 

287 

40 


1865, Sept. 0 ... 

1 Hiimingham . 

Piol J Phillips M A , l.L D i 

292 

44 


18(5(5, Auk-. 22 ... 

! Nottingham 1 

William il («io\e, Q (’ , E II S 

207 

31 


1867, Sept. 1 ... 

Dundee ' 

The Duke of Biiccleitcli, K C B 

1(57 

25 


18(58, Auk-. 15) .. 

1 Norvvicli 

1 Dr. Jos(“j)li I) llookci, E.Il.S. 

196 

18 


18(55), Auk^, 18 ... 

' Exet er 

. Pi of. G. G Stokes, DC L ...... 

201 

21 


1870, Sept. 14 ... 

1 Lnerpool 

' Pi of T H Huxley, LL D .. 

314 

39 

28 


1871, Aug. 2 ... 

' Edinburgh 

1 Prof Sir W Tliomson, LL 1). 

246 


1872, Aug. 14 . 

Biigliton 

, Dr. AV. B. Car])enter, F II S .. 

245 

36 


1873, Sept. 17 ... 

! Bradford 

Prof. A. W. Williamson, EES. 

212 

27 


1874, Aug. 19 ... 

Belfast 

Prof, J. Tynd.ill, Lt. D , E ll S 

1(52 

13 


1875, Aug. 25 .. 

1 Bristol 

SirJohnllawkshaWjt' E ,P\ll S. 

239 

3(5 


1876, Sept. 6 .. 

! Glasgow 

Proi. T. Andrews, M D , F II S. 

221 

35 


1877, Aug. 15 

Plymouth 

Prof. A Thomson, M D.,FIIS. 

173 

19 


1878, Aug. 11 ... 

' Dublin 

AY. Sj)OtDsw(X)de, ALA , F ll.S. 

201 

18 


1879, Aug. 20 ... 

' Shetheld 

Prof.G. J. Allriiau, M.D., E.Il.S, 

184 

16 


1880, Aug. 25 ... 

1 Swansea 

A C, llamsay, LL D , E U.S.... 

144 

11 


1881, Aug 31 

I York 

Sir John Lubbock, Bart , E ll S 

272 

28 


1 882, Aug 23 . 

1 Southampton 

Dr C Vf Sienums, F R S 

178 

37 


1883, Sept 15K.. 

j Southport 

Prof A Cayley, D C Tv , P' R S. 

203 

(50 


1884, Aug 27 ... 

1 Montreal 

Prof Ijord Rayliu’gb. P'' ll S 

235 

20 


1885, Sept 9 .. 

I Abeideen 

Si rJjyon Playfair, K C B ,F ll.S. 
Sir J‘W. Daw.son.C M.G ,E ll S 

225 

18 


1886, Sept. 1 . 

' Birmingham 

314 

25 


1887, Aug. 31 ... 

1 ^Manchester 

Sir 11. PI Ro.scoe, D C L ,P' U.S. 

428 

86 


1888, Sept.. 5 ... 

B.aih 

Sir P\ J. Pramwcll, P’ ll.S 

266 

36 


1889, Sept 11 ... 

Newc,istle-on-Tyne 

Piof AY 11 Flower, G.B., E II S 

277 

20 


1890, Sept. 3 ...1 

Leeds 

Sir F. A. Abel, C P„ F ll.S. ... 

2.59 

21 

i 

1891, Aug 19 . ' 

Cardiff 

Dr AV Huggins, P^ R S 

189 

24 



* Ladies were not admitted by purchased Tickets until 1843. T Tickets of Admission to Sections only 



at Annual Meetings of the Association. 



Attended by 




1 Amnunt 

Sums paid on 

I Account of 
Grants tor Scion- 
tilic Purpobes 

Year 

Old Annua 
Members 

New Annua 
Meinbeis 

A sso- 
ciates 

Ladies 

Foreigners 

1 Total 

during tlie 
Meeting 






353 





1831 











1832 






900 





1833 


... 



• •• 

1208 


£20 

0 

0 

1834 


... 






167 

0 

0 

1835 





... 

1350 


43.5 

0 

0 

1836 






18K) 


i)22 

12 

6 

1837 




1100* 


2400 


932 

2 

2 

1838 





.34 

1 1.58 


1505 

11 

0 

1 839 





40 

1353 


15 46 

16 

4 

1840 

4r, 

.‘iiV 


60* 


801 


1 235 

10 

11 

1841 

7rj 

376 

33t 

331* 

28 

1.115 


1440 

17 

8 

1842 

71 

185 


160 




156.5 

10 

2 

1843 

4.J 

100 


260 




081 

12 

8 

1814 

1)4 

22 

407 

172 

35 

1070 


831 

0 

0 

1845 

()0 

3J) 

270 

106 

36 

857 


685 

16 

0 

1846 

107 

40 

1!)5 

20 1 

53 

1320 


208 

5 

4 

1847 

54 

25 

376 

l‘)7 

15 

810 

1^707 0 0 

275 

1 

8 

1848 

03 

33 

4 47 

237 

22 

1071 

063 0 0 

1 50 

10 

6 

1849 

128 

42 

510 

273 

44 

1211 

1085 0 0 

3 1.5 

18 

0 

1850 

61 

47 

244 

141 

37 

710 

620 0 0 

301 

0 

7 

1851 

6;} 

60 

610 

202 

9 

1108 

1085 0 0 

304 

6 

7 

18.52 

56 

57 

367 

236 

6 

876 

003 0 0 

205 

0 

0 

185.3. 

121 

121 

765 

524 

10 

1802 

1882 0 0 

380 

10 

7 

1854 

1 42 

101 

1004 

643 

26 

213.1 

2311 0 0 

480 

16 

4 

1 8.55 

104 

48 

412 

316 

0 

1 1 15 

1008 0 0 

734 

13 

9 

1856 

] 56 

120 

000 

660 

26 

2022 

2015 0 0 

507 

15 

4 

1857 

111 

01 

710 

500 

13 

1608 

1031 0 0 

618 

18 

2 

1858 

125 

170 

1 206 

821 

22 

2.564 

2782 0 0 

68 4 

11 

1 

J 8.50 

177 

50 

636 

: 463 

47 

1680 

1601 0 0 

766 

10 

6 

1860 

18 4 

1 25 

1580 

: 701 

15 

3138 

3041 0 0 

nil 

5 

10 

1861 

150 

57 

433 

2 12 

25 

1161 

1080 0 0 

1203 

16 

6 

1862 

154 

200 

1 1704 

1004 

2.5 

3335 

3640 0 0 

1608 

3 

10 

1863 

182 

103 

1110 

1058 

13 

2802 

206.5 0 0 

1280 

15 

i 

1864 

215 

140 

766 

508 

23 

1007 

2227 0 0 

1501 

7 

10 

1865 

218 

105 

060 

771 

11 

2,303 

2460 0 0 

1750 

13 

4 

1 866 

loa 

118 

1163 

771 

! 7 1 

2144 1 

2613 0 0 

1 730 

4 

0 

1867 

226 

117 

720 

682 

4.5+ 1 

2004 

2042 0 0 

1040 

0 

0 

1868 

220 

107 

678 

600 

17 1 

1856 

1031 0 0 

1622 

0 

0 i 

1 869 

:io:i 

105 

1 103 

010 

14 

2878 

30')6 0 0 

1572 

0 

0 1 

1870 

oil 

127 

076 

754 

21 

2 463 

2575 0 0 

1 172 

2 

i 

1871 

280 

80 

037 

012 

43 

2533 

2640 0 0 

1 285 

0 

0 

1872 

237 

09 

706 

601 

11 

1083 

2120 0 0 

1 685 

0 

0 i 

1873 

232 

85 

817 

630 

] 2 

1051 

1070 0 0 

1151 

16 

0 

1874 

307 

03 

884 

672 

17 

2248 

2307 0 0 

060 

0 

0 

1875 

331 

185 

1 265 

712 

25 

277 4 

302.3 0 0 1 

1002 

4 

2 

1876 

238 

59 

116 

283 

11 

1220 

1268 0 0 

1128 

0 

7 

1877 

200 

03 

1 285 

674 

17 

2.578 

2615 0 0 

725 

16 

6 

1878 

230 

74 

520 

349 

13 

1401 

1425 0 0 

1080 

11 

11 

1870 

171 

41 

380 

147 

12 

015 

809 0 0 

731 

7 

7 

1880 

313 

176 

1230 

514 

21 

2557 

2689 0 0 

476 

3 

1 

1881 

253 

70 

616 

189 

21 

125.1 

1286 0 0 

1126 

1 

11 

1882 

330 

323 

052 

841 

6 

2714 

3369 0 0 

1083 

.3 

3 

188.3 

317 

219 

826 

71 

26&GOn § 

1777 

15.18 0 0 

1173 

4 

0 

1884 

332 

122 

1063 

447 

6 

2203 

2256 0 0 

1385 

0 

0 

1885 

428 

179 

1067 

429 

11 

24.53 

2532 0 0 

995 

0 

6 

1886 

610 

244 

1985 

493 

92 

3838 

4336 0 0 

1186 

18 

0 

1887 

399 

100 

639 

509 

36 

1984 

2107 0 0 

1.511 

0 

6 

1888 

412 

113 

1024 

679 

12 

2437 

2411 0 0 

1417 

0 

11 

1889 

368 

92 

680 

33 4 

21 

177,“a. 

177(> 0 0 I 

780 

10 

8 

1890 

341 

162 

672 

107 . 

12 

1497 

1664 0 0 1 

1029 

10 

0 

1891 


X lacludmg Ladies. 5 l^ellowa of the Amencau Association weie admitted as Hon. Mombei a for this Meeting. 



OFFICEES AND COUNCIL, 1892. 


PRESIDENT. 

WILLIAM IIITGGINS, Esq^ D.CIx, LL D., FMJS , Hm. F R.A S. 

V)CE-PRES1 DENTS. 


The Right Hon. Lord Windsor, Lonl-Lieuteiuait 
of Glainorgausliire. 

T!io Mo<»t Hon the Mauodk .*54 ok Butis K.T 
Tho Itigliit TIon Loud TUyu>ioi?, M A., D.CXt 
LL.I)., St'c. R F H.A.H , F R G H 
llio Kiglit Hon Loud Tui dwj^u 
T he* Itight Iluii. Lord Ai'Uidaiu!;, G C B., FR.S., 
F K G S. 


Sir J. T D Li.mvw yn, Bart., F ZS. 

Sir Aim HiBAi.D CLjuri-., LL.B, D.Sc'., For. S/'r. 
Its, y I{J> 1'!., Pit'b GS, IK i,U of 

the Gtologicil Surrey of Uuitod King- 
•loiii 

Sir lioiiAi T Bali^ FR-S, RoyiU Astrovicauer of 
InlAivL 


PRES?DEfyrr ELECT. 

Sir ARCHIBALD GEIKHL LL.T>, 7>-c:o . Foil Ki cMi S., F.R S F,, Prtcs, (' S., Dircetoi-Ccnerul of 
the Geological Surye> of the Giiiteil Kmgdciii. 


VICE-PRESIDENTS ELECT 


Tlic Right Hon. the Lord Puovosr ok Foik- 

iti K(iir 

7’hc -Mo-t Hon tlie Maiiqurjjs of Lotkian, K T. 
The h’lglit lion the Eahr of JlobiiURRY, LL.D., 
F li S , F R S F. 

The PiLTlit Hod Lord Kingsburgh, C.B, LLI>, 
F ILS , F K S.E. 


I fVirx'JixB S’li Wir.TT \M MrrR, K CKT 

I l’iok“voi Sit Doinii amM A(’i '(.(.AN, M FL 

! IVofo-sor So W Jt T TAM Ti knki?, F R S , F R.ixH. 

I IholL*i<or 1*. G. T\i/, M.A , F IGS K 
I ITott'-^rA Croim Brown, F.R.S., F RB E,, 
j Iho^. CJc^ 


GENERAL SECRETARIES 

Capt Sir Dougt.as Gat.ton, K C.B , D.C L , LHD , F R S., 1’ ( !• s; , I*? Chostfr Street, Loodon, S. W. 
A. G. Vbrnon JIabcouut, Esq , M.A , LL D , F R,S., F.C S , Cowley Grange, tvxfonl. 

ASSISTANT GENERAL SECRETARY 
G. Qrih- ITII, E-^*! , M A., F.C.S, iUvUVow. 

GENERAL TREASURER 

Professor Arthur W. Ruckeu, M A , F R,S., Biuhtigton Loudon, W. 

LOCAL SECRETARIES FOR THE MEETING AT EDINBURGH. 

Professor O F Armsi itoso, M A, CJ3., I F*. G ran r \ n., Ep<i , B Sc , F R.8 E 

FJiSE.FGH, I John IfAURisON, Ksii. 

LOCAL TREASURER FOR THE MEETING AT EDINBURGH. 

Adam Gillilh Smith, Es(i , C A. 


ORDINARY MEMBERS 
Avdi^i .90V, Dr. W., FJLS 
Ayuton, Professor W. K., F.R S. 

Ba kkk, Sir B., K C M G , P R S 

liAiLH, II. W., Exi., F R.S. 

Darwin, Professor O. H , F R S 
DoUGLash, Sir j N , F.R 3 
EixHAyouiH, Professor ¥. Y., M.A. 

Evans, Dr J , F Kb 

Fi rzoiCKAMi, Professor G. F , F R S. 

CrLAZLBMXlK, R. T., Es(I., F R S. 

J I l>o. Professor J W., F R.S. 

LiVEiNO, Professor G. D , F ILS 
Lodor, Professor OuryBR J., F.R 3. 


THE COUNCIL 
Pup 1 (’Ll, W IT., Eso., F R S 
Ramsay, lYoR-ssur \V , F B. 3 
KrinoM), Proh'Siior A. W., F H S 
Rouh RTs-Aubj^;N, Professoi W C ,C.B ,F R S 
ScH At I'R, Frofvssor E A , FJt 3 
3( iKisriCH, J’roleasor A , F.R.S. 

SlLHtVTK K, TT(>f( ssor II , M_A. 

S'i vtoNs, G J , Rsii., F R 3 
Tiioiwi't, Professor T E., F.Ri? 

Waig), ItofessoT Mal.sm am., F.R.S. 
WiiiiAKi-r., W., Esij., F RJ3. 

WooowAKD, Dr II., F.Il 3. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 

The Tniskx’S the President and President Elect, tlio PreHidents of toriiVT years tho Vice-Presidents and 
Vice-Presidents Elect, the General and Assistant (h ncr.il Sect etoi les tor the i>ri sent .^nd foi mer years, 
the 3e( retary, the General Tre.asurers for the present and former years, and the Local Tn,ie»urois and 
becretaiies for the eubumg Meeting 

TRUSTEES (PERMANENT). 

The Right Hon Sir John Lubbock, B.n t., M P , D.C L , LL D , F R S , F L.S. 

The Right Hon. Loud Raybriuii, JVI A , D C L , LL.D , Sec R S , P.H.A 3. 

The Right Hon. Sir Lyon Flaykair, K C.B , M.P., Pb D , LL.D., F.R 3. 


PRESIDENTS OP FORMER YEARS. 


Sir G B Airy, K C B , P R 3 
The Duke of Argyll, K G., K.T. 
Sir Richard Owen, K C B . F R S 
Lord Aimstiong, C.B , LL U 
Sir William R Grove, F R S 
Sir Josepli D Hooker, K C.S I. 
Sir G G Stokes, Bart., F R 3. 


Prof Huxley, LL D , P R S 
Prof. Sir Wm Thomson, Pres.iLS. 
Prof Williain&on, Ph.D , F 11 3. 
Prof Tyndall, D.C.L., F.lt 3 
Prof. Allman, M.D., F.R S. 

Sir Jolui Lubliock, Bart., P.R 3. 
Prof. Cayley, LL.D., F 1L3. 


LottI Barleigh, D.C.L., Sec R.S. 
Sir Lyon IMayfair, K.G B , P.HH. 
Sir Wm. Dawson, C M G., F.U 3. 
Sir II. E. Rohcoe, D.C.L , FJl.3. 
Sit F. j. Bramwell, Ikiit,, F R.S. 
Prof W H. Floaer, CXi , F.R 3. 
Sir Freilerick Abel, K.C.ik,F R.S, 


GENERAL OFFICERS OP FORMER YEARS. 

F Galton, Esq., P R.S. I Prof. Michael Fofeter, Sec. R 8 I P. L Sclatir, Esq , Ph.D., F.R S. 

Dr. T. A. Hirst, F Jl S. [ George Griffith, Esq , M.A., F.C S. 1 Prof, lionney, D.bc., FdLS. 

Prof. Williamson, Ph.D., F.RH. 

AUDITORS. 

Prof. H. McLeod, F.R S. 


Dr. Gladstone, F.R.S. 


I 


I J. B. Martin, E»q., M A., F.SA 



REPORT OF THE COUl^CIL. 


Ite^ort of the Council for the year 1890-91, presented to the Gent) at 
Coymnittee at Cardiff, on Wednesday, Auyust 19, 1891. 


The Council liavo received the usual Financial Reports from the 
General Treasurer, during tlie past year, and his account for tlie 3 ear 
1890-91, which was audited on the 81st July will be presented to the 
General Committee 

The Council were informed by Dr. Williamson in tlie early part of the 
year that he would be unable to allow himself to be nominated to the 
office of General Treasurer at the present meeting of the Association, and 
that, as he would not be able to attend the meeting at Cardiff, he 
wished to continue in office only until the commencement of that 
meeting. 

Dr. Williamson uas appointed to succeed Mr. Spottiswoode in the 
year 1874, and during this long ixunod of seventeen years his wise and 
calm judgment has afforded the Council, on all occasions of ditliculty, 
most valuable assistance. 

The Council recommend that, in accordance with the wish expressed 
by Dr. Williamson, a successor to his office be appointed at this meeting, 
and they have much pleasure in lecornincnding to the General Committte 
that Professor Arthur W. Rucker, ^[.A., F R.S., be elected General 
Treasurer, and that he be requested to enter at once upon the duties of 
the office. 

Lord Rayleigh, one of the Vice-Presidents elect, will not be able to 
attend the meeting. The Council recommend that Sir Robert Rail, Royal 
Astronomer of Ireland, be elected Vice-President. 

The Council received a letter from the Board of Trade requesting 
them to appoint one or two members of a committee about to be formed 
for considering the standards for the measurement of the ohm, the 
ampere, and the volt. The Council appointed Professor G. Carey Foster 
and Mr. R. T. Glazebrook members of this committee. 

The Council have elected the following Foreign ]\[en of Science, 'who 
attended the last Meeting of the Association, Corresponding Members . — 


Prof Rrentano, Munich 

Prof. V Dwelshauvcrs-Dery, Li^go. 

Prof. Mascart, Pans. 

Prof. W. Ostwald, Leipzig. 

{Signer Matfeo Pantaleoni, Bari. 


Dr Otto Petters'^on, Stockholm. 

Mr. A. Lawrence Kotch, PeadMlle, 
Mass., USA. 

Prof. J. H. van’t lloff, Amsterdam 


An invitation to hold the Annual Meeting of the Association at Not- 
tingham in the year 1893 has been received, and will bo presented to 
the General Committee on Monday. 
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E^esiolutions referred to tlie Council for consideration and action if 
desirable ; — 

(A) ‘ That the Council consider and report whether grants should be made from 
the funds of the Association for other than spccilic reseaiehes by specified 
individuals.’ 

The Council consider that grants should not bo made to any single 
institution, or in support of a single object, for many years in succession. 
It must be distinctly understood that the aid given by the Association to 
any particular scientific institution or diivestigato-r must necessarily be 
limited and intermittent. 

The Council are of opinion that grants in aid of research should not 
be made, except for specified subjects, and under sncli circumstances that 
satisfactory assurances can be given to the General Committee as to the 
person or persons by whom the research is to bo carried out. 

('ll) ‘ That it is <losiiable that the question of puhlibhing the papers more fully 
and expeditious!) , and of adding reports of discussions, be considered by the 
C’ouncil ’ 

The Council are informed that steps have been taken to insure a more 
expeditious publication of the Annual Report. 

They do not recommend that papers should be published more fully ; 
nor do they recommend that discussions should be published, excepting 
in special cases when this is strongly advocated by Sectional Committees, 
and approved of by the General Committee. Tliey recommend that, in 
every such case, an arrangement be made by the General Ollicers for the 
proper editing of the discussion. 

(C) ‘Tluit in the arrangement of the Journal it is desiiable, in the interests of 
cle.irnoss and of ea-^c of leliueiice, to return the old j)raotice of printing first the 
p.qieis to he lead in the vaiiuus Section'', ll'eri th(' ]>a])ci& lead on the prcviouf> day 
in tliosc Sections, and lastly the list of Sectional Ofiicers and of the Committees.’ 

The Council recommend that the papers to be read in the various 
Sections be printed first, then the lists of the Committees, and lastly the 
jiapers read on the previous day, and that each page should have a suit- 
able heading. 

(D) ‘That llie Council be requested, if possible, to fix tlie date of each meeting 
two yeans befoie it is held, and to bear in mind that tbe middle or latter part of 
September is the time most eonvenieiit to many uiembcis of the Association 

The Conned considered that it is not practicable to fix the date of the 
Annual ]\[cetiiig two years before it is held. They recommend that iiifor- 
ination be obtained at as early a date as possible as to the times which 
are convenient to the town where a meeting is to bo held, and that the 
authorities in such town be informed that the last fortnight in September 
is most generally convenient to academical and other important Sections 
of the members of the Association. 

(E) ‘ 'J’hat the hours at wlnelutlie Sections and Committees meet be again con- 
sidered by the Council ’ 

The Council have requested the Organising Committees to propose to 
the Council times for the meetings of their respective Committees and 
Sections, and recommend that these proposals be adopted for the Cardiff 
Meeting as an experimental measure. 
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(F) ‘ That a general Index to the Reports of the Committees of the Association, 
and of all papers ordeied to be printed -in e.ttcnfso, be published, and that the Council 
be authorised to spend such sums as may be necessaiy for the purpose.’ 

The .Council Te>solved that the Index to the Annual Reports of the 
Association be continued from the year 186*3 to 1890 inclusive, and that 
it consist of one part only. References to Abstracts of Papers will be 
printed in italics. 

(G) ‘ That the Council urge upon the Goveinment to take steps to hasten the 
completion of the Oidnance tSurvey, and to alfoid gieatci facilities for the puiciiase 
of the Survey Maps.’ 

The Council having ascertained that the maps of the Ordnance Survey 
are neither known to nor used by the public nearly to the extent they 
should be, considering their value and the vast sums of money which 
have been expended on their production, and that this neglect arises from 
various causes, chief among which are the very defective arrangements 
made for the sale of the maps to the public, tlio obsolete topography of a 
large portion of the Survey, and the want of legal authoiity for the 
boundaries shown by the maps, resolved to make to the Government the 
following suggestions, with a view to the removal of the present obstacles 
to the usefulness of the maps : — 

(1) That some modification be made in the present character of 
arrangements for the sale of the maps of the Ordnance Survey, whereby 
the maps may become more accessible to the public. 

(2) That such additions be made to the Parliamentary grant for the 
Ordnance Survey as will enable the revision to be made more -complete, 
and the arrears to be brought up to date witlini a reasonable time. 

(3) That the boundaries and areas of the Ordnance Survey maps be 
made legal boundaries and areas in Rngland and Scotlaiul, as they 
already are in Ireland, so that they may form a basis for all valuation for 
local or imperial assessments. 

This memorandum was communicated to the I^resident of the Board 
of Agriculture, together with the following letter from the President of 
the Association : — 

BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 

22 Albemarle Street, London, W , 
Marcli 11, 1891 

Sir,— I have the honour to invite your consider.ition of the accompaining memo- 
randurii, conveying the concliihions of the Council of the British Association for the 
Ad.\mi cement of Science, on the subject of representations made to them in the form 
of a resolution passed at the last Amiu.il IMeetmg ot the Biitish Association, held at 
Leeds in 1890, relating to some .points of impoitance eoiinected with the Ordnance 
Survey and its value to Her Majesty’s dominions generall\ 

I have to expiess the hope that yoxi will feel di;^[) 0 .sed to invite the favourable 
consideration of Her Majesty’s Goveinment to the lecommendatious included in the 
memorandum in question, and to state that, should you dosiic any further informa- 
tion upon the subjects to which these recommemlations relate, the Council of the 
Britisli Association will be happy to arrange for a deputation to wait upon you for 
the purpose of alloiding you such additional information. 

I have the honour to be, bii, your obedient Servant, 

(Signed) F. A. Abel, President. 

The Right Hon. Henry Chaplin, M.P., 

President of the Boaid of Agriculture. 
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The following reply from the Board of Agriculture has been 
received : — 

Board of j^griculture, March 11, 1891. 

Sir,- 'I am directed by Mr. Chaplin lo acknowledge the receipt of your letter of 
the lltli iii.st , forwarding a memorandum on the Oidiiance Survey, and to bay that 
tlie bubject will have duo coribidoiation. 

T am, yours faithfully. 

To Sir F. Abel, C.B , F.B S , &c., &c. (Signed) P 11 Bagenal. 

(H) ‘ That the Council be requested to consider the question of watching the 
opeiation of Acts relating to Scientific and Technical Fducation, .ind to take such 
Steps as may seem desirable for furthciing the objects of those Acts.’ 

The Council considered this Resolution, and are of opinion that there 
is no necessity at the present time for them to take any action. 

(T) ‘ That the Council be requested to consider whether it is not desirable to 
make sfieiual pi ovision for the comprehensive consideration by the Association of 
questions relating to Scieiitiiic and Technical Education.’ 

With regard to this Resolution, the Council understand that the chief 
object of the Sectional Committee which originated it was to have 
general discussions on scientific and technical (questions organised, in 
which members of the various Sections who have a special knowledge of 
these questions should take part. 

Tlie Council consider that the Sectional Committees have sufficient 
powers to deal with this proposal severally and jointly. 

(J) ‘That the paper by Mr J. F Green on “Steam Life-boats” be printed ui 
exteUfSOy With tlie nccess.iry drawings.’ 

The Council decided that an abstract only of this paper should be 
printed. 

The report of the Corresponding Societies Committee has been re- 
cciv(*cl, find will he presented to the General Committee. 

The Corresponding Societies Committee, consisting of Mr. Francis 
Galton, Profcs.sor R. Meldola (Secretary), Professor A. W. William- 
son, Sir Douglas Galton, Professor Boyd Dawkins, Sir Rawson 
Rawson, Dr. J. G. Garson, Dr. J. Evans, Mr. J. Hopkinson, Mr. W. 
Whitaker, Mr. G. J. Symons, General Pitt-Rivers, Mr. W. Topley, and 
Professor T. G. Bonney, is hereby nominated for reappointment by the 
General Committee, together with Mr. T. V. Holmes, F.G.S. 

The Council nominate Mr. G. J. Symons, F.R S , Chairman, Dr. J. G. 
Garson, F.Z.S., Vice-Chairman, and Professor R. Meldola, F.R S., Secre- 
tary to the Conference of Delegates of Corresponding Societies to be 
held during the Meeting at Cardiff. 

In accordance with the regulations the retiring Members of the Council, 
exclusive of Professor Rucker (who is recommended for the office of 
Treasurer), will be : — 

Mr Blanford. i Mr. J. B. Martin. 

Mr. Crookes | Capt. Wharton. 

The Council recommend the re-election of the other ordinary Members 
of Council, with the addition of the gentlemen whose names are distin- 
guished by an asterisk in the following list : — 
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*Andersnn, Dr W,, F R S. 
Ayrton, Prof. W. E, F.R,S. 
Raker, Sir B., K.C M G , F.R.S. 
’‘‘Bates, H W,, Esq,, F.U.S, 
Darwin, Prof. G. H., F.R.S. 
Doufrlass, Sir J. N , F.R.S 
•^Kdgewoith Prof F. Y , M.A, 
Evan''!, Dr J , F R S 
Fil/gerald, Prof G. F , F R S. 
Glazebtook, R. T , Es(| , F.R S, 
Judd, Prof J. W , F R S 
Javeino, Prof. G. D., F.R.S. 
“‘Lodge, Prof. 01i\or J., F.R.S. 


Preece, W H , Esq., F.R S. 

“■Ramsay, Prof. ^V^, ¥ R S. 

Remold, Prof. A. W., F R.S. 
Roborts-Austeri, Prof W. C., C B., F.R.S. 
Schafer, Prof E. A., F R.S. 

Schuster, Prof, A,, PkR S, 

Sidf^wick, Prof H., M A. 

"••Svmon.s!, G, J , Es(i , F R S 
Tirorr)e, Prof T R., F R S. 

W.ird, Prof Marshall, F.RS. 

Whitaker, W , Esq., F R.S. 

Woodward, Dr, U , F.R S. 
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Committees appointed by the General Committee at the 
Cardiff Meetino in August 1891 . 

1 . lleceivuKj Grants of Money. 


Subject for Investigation or PurpOM* 

Members of the Committee 

Gi .lilts 

IMaking Experiments for improv- 
ing the Construction of Practical 
StandaiHs for use in Elcctiical 
Mc.isuiciiients 

[I'liis giant includes 17/ 1.9 ("ul , 
the uii(‘X]jended balance of last 
year’s giant.] 

Chairman. — Piofessor Carey 

Foster. 

Secretary — Mr K T Glazebrook 

Sii William Thomson, Profcssois 
Avrton, J. Peri>, W. G. Adams, 
and Loid Hnvhngh, Drs O J. 
liOdge, John llopkmson, and A 
Muiiheud, Mes^is W. 11 Preece 
and llcrbeit 'Taylor, Pioicssois 
Eveictt and Schuster, Dr J. A 
Fleming, Piotes^ois G F Fitz- 
geiald, Chryslal, and J J Thom- 
son, Messrs W N Shew, J 'T. 
J3ottomh*y,and T C Fitzpatiick, 
Prolessor J Viiiainu Jones. Dr 

G Johnstone Sloncv, and Piu- 
fessor S. 1' Thoiiqison. 

£ s. (1 

27 4 6 

Co-operating with the Scottish Me- 
teorological Society in making 
Meteoiological Observations on 
Pen Nevis. 

Chairman — Lord McLaren 
Secretary - PiotcssorCium Brown 
IMessrs John Murray and Buelian, 
Professor it Copeland, and Hon. 
K. Abercromby 

r>o 0 0 

i 

The Application of Photography 
to the Elucidation ot IMeteoro- 
logical Phenomena. 

Chairman — Mr G. J. Symons. 
Secretary — Mr. Clayden. 

Professor Mcldola and Mr. John 
llopkmson. 

15 0 0 

For Calculating Tables of certain 
Mathematical Functions, and, 
it necessary, for taking steps to 
carry out the Calculations, and 
to publish the results in an 
accessible form. 

Chairman. — Lord Rayleigh 
Secretary — Professor A. Lodge 

Sir William Thomson, Professor 
Ca>ley, Professor B Price, and 
Messrs J W L Glaishei’, A G. 
Greenhill, and W. M Hicks. 

15 0 0 

1 

Carrying on the Tables connected 
with the Pellian Equation from 
the point where the work was 
left by Degen m 1817. 

[This giant includes 51 , the un- 
expended balance of a previous 
grant,] 

Chairman — Professor Cayley 
Secretary . — I’rofessor A Lodge. 
Professor Sylvester and Mr. A. R. 
Forsyth 

15 0 0 
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]. Jiecni'ing (i rant h of Money — continued. 


Subject for Investi^^ation or Purpose 

Members of the Committee 

Grants 



£ s d 

Considrrmp: the subiect of Elec- 
trolysis in its Idiysicul and 
Chemical Bearings. 

Chairman — Professor Fitzgfiald. 

Seen tones ■ — Protessois 11 K 
Arms! rung and O ,T Jjodge, 

Prcjfessois Sir Mbiliam Tliomson, 
Lord Rajdeigh, J, .1. Thomson, 
(Schuster, Poynting", Crum 

Blown, Ramsay, Frankland, 
Tilden, Haitley, S P, Thoni])- 
son, Robi'ils-Aiisteii, Ruckei, 
Beinold, Caiey Poster, and 11 P> 
Dixon, Captain Abney, Drs 
(Jladstone, llopkinson, and 
I'leniing, and INIessrs Crookes, 
Sh(‘]toid P.idvNoll, W N Shaw, 

J Lainioi, J T. Bottomh'i, 

R T. ( Jl.izebiook, J. Blown, 

E J Love, and .John M Tliom- 
son. 

b (j 0 

To investigate the Phenomena ae- 
(•oni|)rnying tlie Dischaige of 
Eleelncity from Points. 

Chairman - PiofessorO J Lodge. 
Seen lory — ]\lr \ P Chat took 
Ihofe'-.-.oi C.irey Foster 

bO 0 0 

1 

1 

The Volcanic and Seisraological 
I’henomena of Japan 

Chairman. — Sir Win Thomson. 
Si'entorif J. ^Iilne 

Professor W C Adams, ;Mr J T 
Bott(»mley, and Piolessoi A 11 
Green. 

10 0 0 

1 

1 

1 

1 

1 

To considei the best Method of 
estrabhshing an International j 
Slandaid tor the Analysis of 
Iron and Steel. 

[This grant is the unexpended 
balance of last yeai’s grant.] 

Chairman — Piofcssor Robert s- 
Austen. 

Seen tar If — "Mr Thomas Turner 

Sir F. Abel, Mcssis E Riley and 

J Spiller, Piofes.sor J W. Lang- 
ley, Mr G J Snelus, and I'ro- 
fcssor Tilden 

1 

8 IG 0 

The Investigation of the direct 
Formation of Haloids from 
pure Mateiials, 

[This grant includes 5Z. 5.<f , the 
unexpended balance of last 
year’s grant ] 

—Professor H E Arm- 
strong. 

Seen tart/ — ^\r W A. Slinistoiie. 
Professor W R. Dumstuii and Mr 
C. 11 Botliamley. 

25 5 0 

The Properties of Solutions . 

Chairman. — Professor W. A. Til- 
den 

Seereiary. — Dr. W. W. J. Nicol. 
Professor Ramsay. 

10 0 0 

The Action of Light upon Dyed 
Colours. 

Chairman — Professor Thorpe. 
Secretary. — Professor J J. Hum- 
mel 

Dr. Perkin, Professor Russell, 
Captain Abney, and Professor 
Stroud. 

10 0 0 
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1. Receiving Grants of Money — contihtied. 


Subject foi Investigation or Purpose 

Members of the Committee 

Grants 



C 5. d. 

Recording the Position, Height 
above the Sea, Litliological Chn- 
lacteis, Size, and Oiigin of 
tiie Fiiratie Jdocks of England, 
Wales, and Ireland, repoiting 
othei matters of inteiest con- 
nected with the same, and tak- 
ing measures for then preserva- 
t ion 

[This giant includes lOZ. granted 
last 3 ('ai but not drawn.] 

Chairman, — Professor J. Prest- 
wich. 

Secretarij, - Dr. H. W Cro.sskey 
Professors W. Boyd Dawkins, T. 
McK JIughes, and T G Ronney 
and Mc.ssis C. E Do Ranee, 
1* F. Kendall, W Pengelly, J. 
Plant, and R. 11. Tiddcman. 

J5 0 0 

The Dcseiiption and Illustration 
of the Fossil hhyllopoda of the 
Paheozoic Rocks 

[This giant was drawn last year, 
hut was not spent.] 

Chairman Prof. T. Wilt- 
shire 

Scf'retar}! — Professor T. R Jonc.s 
1)1. H. Wood waul. 

10 0 0 

The Collection, ITescivation, and 
Systematic Registiation of 
Photographs of Geological in- 
terest. 

('hatrman — Professor J. Geikic 
Secret ary — Mr. 0. W. Jefts 
Profe.ssors Ronney and Boyd Daw- 
kins, Drs V. Rail and T Andcr- 
.son, and Messrs A. S. Reid,E J. 
Gaiwood, W Gray, H R Wood- 
ward, J E Redford, R Kulslon, 
W. W. Watts, J. W. Davis, and 
R 11 Tiddeman. 

20 0 0 

To consider the best Methods for 
the Registiation of all Typ(' 
Specimens of Fossils in the 
Rntish Isles, and to report on 
the same. 

Chairman, — Dr. II. Woodward 
Secretary — Mi A Smith Wood- 
ward 

Rev G. F Whidborne and Messrs 

R Kidston and J. E. Marr. 

r> 0 0 

The Circulation of the Under- 
ground Waters in the Pcimeablc 
Formations of England, and 
the Quality and Quantity of 
the Waters supplied to vaiions 
Towns and Districts from these 
Formations. 

Chairman, — Professor E. Hull. 

Sec ref a rtf — Mr C E. I)c Ranee 

Dr 11. W. Crosskey, Sir 1). Gal- 
ton, Profe.s.sor J. Prestwich, and 
Me.ssis, J Glaisher, P. Kendall, 
K. R. Marten, G. H. Moiton, W. 
Pengelly, J. Plant, I. Roberts, 
T, S Stooke, G J Symons, W. 
Toplcy, Tylden - Wnght, E 
Wethered, and W. Whitaker. 

10 0 0 

To complete the Investigation of 
the Cave at Elbolton, near Skip- 
ton, in order to ascertain whether 
the remains of Palasolithic Man 
occur in the Lower Cave Earth. 

Chatrman — Mr. J. W Davis. 
Secretary — Rev. E. Jone.s. 

Drs J. Evans and J. G Oar.son 
and Messrs. W Pengelly, K H. 
Tiddeman, and J. J. Wilkinson. 

25 0 0 

To investigate the Extent and the 
Faunal Contents of the Sowerhyi 
Zone, and its Relationship to the 
concavum and Sauzei Zones. 

Chairman. — Professor T. Rupert 
Jones. 

Secretary. — Mr. S. S. Ruckman. 
Rev. Professor T. Wiltshire. 

10 0 0 
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1. IleGeiving Grant* of Money — continued. 


Subject for Irivesti^^ation or Purpose 

Members of the Committee 

Grants 



£ *. d. 

To carry on Excavations at Old- 
bury ilill,near Ightham, m Older 
to as(5ertain the existence or 
othciwise of liock Shelters at 
that spot. 

Chairman. — Dr. J, Evans. 
Secretary — Mr. I>. Harri.son 
Prote.^sors Picstwich and il O 
Seeley. 

2.3 0 0 

Completion of a Report on the 
Cietaccous Polyzoa 

Chairman. — Dr. H. Woodward. 
Secretary. — Mi. G. R. Vine 
Professor T Rupeit Jones and Dr. 
H. C. Sorby. 

10 0 0 

To appoint Mr Wilh'y to investi- 
gate the Moiphology of the 
Ascidians at the Zoological Sta- 
tion at Naples, or, failing this, 
to appoint some othei ( ompetent 
investigator to cany on a defi- 
nite piece of work at the Zoolo- 
gical Station at Naiiles approved 
by the Council. 

Chairman — Dr. P h Sclater. 
Secretary. — Mr. Percy bladen. 
Prote.ssois Ray Lankestci, Cossar 
Ewait, M Foster, and A. Milnes 
Marshall and Mr. Sedgwick, 

100 0 0 

To arrange for the Occupation of 
a Tabic at the Laboialory of the 
IMnririe Piological Association, 
Plymouth. 

Chairman. — Profes.sor E. Ray 
Lankc.stcr 

Si’cretary — Mr S F 1 fanner 
Profos.sora M Foster ami 11 

Vines 

17 10 0 

For improving and experimenting 
with a Deep-sea Tow-net for 
opening and closing under w'atcr 
[This includes 27/, 1 4.V k\d granted 
last year but not drawn ] 

Chairman — Professor A C Ilad- 
don 

Secretary.- — Mr W E Ho}le. 
Piofessor W. A. Heidman 

40 0 0 

To report on the present state of 
our Knowledge of the Zoology 
of the Sandwich Islands, and to 
take steps 1o invesligate ascer- 
tained deilciencies in the Fauna, 
with power to co-operate with 
the Committee apiiointed for 
the pill pose by the Royal Society, 
and to avail themselves of such 
assistance in their investiga- 
tions as may be olTered by the 
Hawaiian (Government. 

[100/. granted last year but not 
drawn ] 

Chairman — Piofessor Newton. 
Secretary — Dr David Shaip. 

Dr Blanford, Dr Hickson, Ibo- 
fessor Riley, Mr. kSalvin, Dr 
Sclater, and Mr. Edgar A. 
Smith. 

100 0 0 

I 

To report on the present state of 
our Knowledge of the Zoology 
and Botany of the West India 
Islands, and to take steps to in- 
vestigate ascertained deficien- 
cies in the Fauna and Flora. 

[100/. granted last year but not 
drawn.] 

Chairman. — Dr. P. L. Sclater. 
Secretary — Mr G l^Iurray. 

Mr. Carruthers, Drs. Gdnther and 
Sharp, Mr. F. Du Cane Godman, 
Professor Newton, and Dr. D. H. 
Scott. 

100 0 0 

1 
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1. Receiving Grants of Money — continued. 


Subject of Investigation or Purpose 

Members of the Committee 

Grants 



£ (1 

Cliinatologiral and Hydrographi- 
cal Conditions ot Tiopioal 
Afnca. 

Climrman — Mr E. G Ravenstein 
Secretary — Mr G J Symons. 

Mr Bah 1 will Latham. 

75 0 0 

For canuiig on tiic Work of the 
Anthiopometiic Jiaboiatory. 

Chairman — Piofcssoi Flower. 
Secretary — Dr. Gaison 

IMi. Bloxam and Dr. Wilbeifoice 
Sniitli. 

5 0 0 

Ex])lorMt lonof PiehLstoiic Pemain^ 
in Mashoiialand. 

Clucinnan - Dr .T G Gaison 

Secret art! — Mr J Thoodoie Bent 
Mr. Riuiler, Mr Brabrook, and 
Mr. Bloxam 

50 0 0 

The riiysical Cluiratterb, Lan- 
guages, and Tndubtiial and So- 
cial Condition of the North - 
We.stein Tubes of tlie Dominion 
of Canada 

Chairman — Dr E B. Tylor. 
Secretary — IMi Bloxam 

Sii 1 ).nnel Wilson, Dr G. M Daw- 
son, Mr K G Haliburton, and 
]\Ir H Hale 

100 0 0 

The Habits, Customs, Physic.d 
Cbaractoiistics, and Religions 
of the Natives of India 

Chairman — Sii William Turner 
Secret art/ — Mr Bloxam. 

Piofessor Flowei, Drs Carson 
and E. B T} lor, and Mr 11 H 
Risley. 

10 0 0 

Edit ing a new Edition of ‘Anthro- 
Xiological Notes and Ouciies ’ 

Chair mail — Professor Flower. 
Src7’efa,rti — 1 )r ( 1 ai son. 

Dr. Bediloc, General Pit t-Ri vers, 
Mr Francis Gallon, Dr. E B. 
Tylor, and ]\Ir Brabrook. 

20 0 0 

Corresponding Societies’ Com- 
mittee. 

Chairman — Mr G J Symons 

Seen tar y R ]\reld()la 

Mr Fiancis Galton, Profi'ssoi A 
W. Williamson, Sir Douglas ^ 
Galton, Piofessor Bo^d D.iw- 
kins. Sir llawson Rawson, Dr 
<T G Garson, Dr John Evans, 
Mr J Hopkinson, Professor 
BoTiney, Mi W Whitaker, 
General Pitt -Rivers, Mr. W. 
Topley, and Mr T V. Holmes 

25 0 0 


2 . Ifol receiving Grants of Money. 


Subject tor Investigation or Purpose 

Members of the Committee 

To co-operate with Dr. Piazzi Smyth in. 
his Researches on the Ultra Violet 
Rays of the Solar Spectrum. 

Chairman . — Professor Liveing. 

Secreta/ry . — Dr Piazzi Smyth. 

Professors Dewar and Schuster. 
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2. Not Teceiving Grants of Money — continued. 


Subject for Investigation or Purpose 


The Collection and Identification of 
Meteoric Dust. 


The Rate of Increase of Underground 
Temperature downwards in various 
Localities of dry Land and under 
Water. 


Comparing and Reducing Magnetic Ob- 
servations 


Considering the best Methods of Re- 
cording the Direct Intensity of Solar 
Radiation. 


To co-operate with Dr. Kerr in his 
researches on Electro-optics, 


The various Phenomena connected with 
the recale.scent Points in Iron and 
other Metals 


To consider the establishment of a 
National Physical Laboratory for the 
more accurate determination of Phy- 
sical Constants, and for other Quanti- 
tative Research, and to confer witli 
the Council of the Associ.atiou. 

Modes of measuring the Optical Con- 
stants of Microscopic, Pliotogra])hie, 
and other Lenses, and of specifying 
and enumerating the Properties of 
their Combinations, 

1891. 


Members of the Committee 


Chairman. — Mr. John Murray. 

Secretary — Mr. John Murray 

Professor Schuster, Sir William Thom- 
son, the Abbe Renard, Mr. A. Buchan, 
the lion. R. Abercromby, and Dr. M. 
Grabham. 

Chairman — Professor Everett. 

Secretary . — Professor Everett. 

Professor Sir William Thomson, Mr. G. 
J. Symons, Sir A. C. Ramsay, Sir A. 
Gcikie, Mr. J Glaisher, Mr. Pengelly, 
Professor Edward Hull, Professor 
Prestwich, Dr C Le Neve Foster, Pro- 
fessor A S Ilerschel, Professor G. A 
Lebour, Mr. A B. Wynne, Mr. Gallo- 
way, Mr Joseph Dickinson, Mr, G F. 
Deacon, Mr. E. Wethered,Mr. A. Stra- 
han, and Professor Micliic Smith 

Chairman — Professor W G Adams 

Secretary ■ — Professor W G Adams 

Sir W Thomson, Professors G H Dar- 
win and G Chrystal, Mr 0 H. Carp- 
mael. Professor Schuster, Mr G M 
Whipple, Captain Creak, the Astro- 
nomer Royal, Mr William Ellis, and 
Pro lessor A W. Rucker. 

Chairman — Sir G. G. Stokes. 

Secretary — Mr. G. J. Symons 

Professor Schuster, Mr. G Johnstone 
Stoney, Sir H E Roscoc, Captain 
Abney, Mr. Whipple, and Professor 
M‘Leod 

Chairman — Dr. John Kerr. 

Secretary — Mr R. T Glazebrook 

Sir W Thomson and Professor Rucker. 

Chairman. -Professor Fitzgerald. 

Secretary —Professor Bariett 

Dr John Hopkinson, Mr R A Hadlield, 
Mr Troiiton, Professor Roberts-Austen, 
and Mr H F. Newall 


Chairman — Professor Oluer J. Lodge. 

Secretary — Mr R T (iLizebrook. 

Sir William Thomson, Lord Rayleigh, 
Professors .1 J Thomson, Rucker, 
Clifton, Fitzgerald, Carey Foster, and 
J Viriamu Jones 

Chairman — Professor G C. Fo.ster, 

Secretary — Professor S. P. Thompson. 

Mr R T. Glazebrook, J. Walker, Sir 
llowaid Grubb, Mr. Whipple, and 
Captain Abney. 


e 
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KBPORT— 1891 . 


2. A^ot receiving Grants of Money — continued. 


Subject for Investigation or Purpose 

Members of the Committee 

To examine and report how grt'ater 
uniformity may be introduced into 
the Record of Spectroscopic Work 

Chairman — Dr Johnstone Stoney. 
Secretary. — Dr Johnstone Stoney. 

Dr Huggins and Professor Liveing. 

Reporting on the Bibliography of Solu- 
tion 

Chairman — Professor W A Tilden. 
Secretary — Dr. W W J Nicol. 

Profcssois M‘Lcod, Pickeiing, Ramsay, 
and Young and Dr. A. R Leeds. 

To report on recent Inquiries into the 
History of Chemistry 

Chairman. — Professor 11 E, Armstrong. 
Secretary. — Professor John Ferguson. 

The Continuation of tlie Bibliography 
of Spectroscopy. 

Chairman. — Professor H M'Leod 

Secretary — Professor Roberts- Austen 
Professor Reinold and Mr. H. G Madan. 

Preparing a new Scries of Wave-length 
Tables of the Spccti.iof the Elements 

Chairman — Sir H E Roscoe. 

Secretai'if — Dr Marshall Watts. 

Mr Loekyer, Professors Dewar, Liveing, 
Schuster, W. N. Hartley, and Wolcott 
Gibbs, and Captain Abney. 

The Influence of the Silent Discharge 
of Electricity on Oxygen and other 
Gases. 

Chairman — ProfessorH. M‘Lcod. 
Seeietarif — Mr W A Shenstone 

Pi of esbor Ramsay and Mr ,J. T Cundall 

The Action of Light on the Hydracids 
of the Halogens in presence of 
Oxygen 

1 

Chairman. — Dr. Russell 

Secretary. — Dr. A Richardson. 

Captain Abnev and Professors Noel 
Haitlcy and W Ramsay 

Isomeric Naphthalene Derivatives 

Chairman — PiofessorW A Tilden. 
Secretary — Professor H E. Armstrong. 

Absorption Spectra of Pure Compounds 

Chairman. — General Festing 

Secretary. — Dr H. E Armstrong. 

Captain Abney. 

To inquire into the Proximate Chemical 
Constituents of the various kinds of 
Coal. 

Chairman. — Sir I. Lowthian Bell 

Secretary. — Professor P Phillips Bedson 
Mr. Ludwig Mond, Piofessors Vivian B. 
Lewes and E. Hull, and Messis J. W. 
Thomas and 11. Bauerman. 

The Rate of Erosion of the Sea-coasts of 
England and Wales, and the Influence 
of the Artificial Abstraction of 
Shingle or other material in that 
action. 

Chairman. — Mr. R. B Grantham. 
Secretaries — Messrs C E De Rance and 

W. Topley 

Messrs. J B. Redman, W. Whitaker, and 
J.W. Woodall, Mai -Gen Sir A. Clarke, 
Admiral Sir E. Ommanney, Sir J. N. 
Douglass, Capt Sir G. Narcs, Capt. 

J. Parsons, Capt. W. J. L. Wharton, 
Professor J. Prestwich, and Messrs. E. 
Easton, J. 8. Valentine, and L. F. 
Vernon Harcourt. 
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2. Not receimny OranU of Money — continued. 


Subject for Investigation or Purpose 

Members of the Committee 

To undertake 1he Invebtigation of the 
Sources of the River Aire, and also to 
test tlie value of Uranin and other 
Dyes in investigating the Courses of 
Underground Streams. 

(Vtairmaii -Professor R Meldola 
Secretary. —Professor Silvan us P. Thomp- 
son 

Mr ,1. Birbcck, Mr Walter Mornson, 

M P , Rev G Style, and Mr. Thomas 
Tate 

The Volcanic Phenomena of Vesuvius 
and its neighbourhood. 

Chairman —Mr. 11 Bauerman. 

Secret ar If.— \yv. H J. Johnston-Lavis 
Messrs. F. W Rudler and J J H. Teall. 

Considering the advisability and possi- 
bility of establishing in other parts 
of the country Obsei vations upon the 
Prevalence of Earth Tremors similar 
to those now being made in Durham 
in connection with coal-mine explo- 
sions 

Chairman — Tilr G J Symons 

Secret a r If — Mr C Davison 

Sir F. J Bramvvell, Mr K A Cowper, 
Professor G K. Darwin, Professor 
Ewing, Ml. Isaac Roberts, Mr. Thomas 
Gray, Dr John Evans, Professors Frest- 
wich, Hull, Lebour, Meldola, and Judd, 
Mr M. Walton Blown, and Mr J 
Glaisher. 

To consider a project for investigating 
the Structure of a Coral Reef by 
Boring and Sounding 

Chairman — Professor T G Bouncy 
Sreretary — ProfesbOi W J. Soll.is. 

Sir Archibald Geikie, Professors A H. 
Green, J W Judd, and C Lapworth, 
Captain Wharton, Drs H Hicks and J. 
Murray, and ]\Ir. F. Darwin 

Disappearance of Native Plants from 
their Local Habitats 

Chairman. — Mr. A. W. Wills. 

Secrctarif — Professor W Hillhouse. 

Messrs E. W. Badger and George Cla- 
ridge Druce 

To make a Digest of the Observations on 
the Migration of Birds at Lighthouses 
and Light-vessels. 

('hair man — Professor Newton 

Secretary — IMi John Ooidcaux. 

IMcssi> John A Ha rvic- Brown, R M. 
Bainngton, and W E. Clarke and the j 
Rev. E P. Knnbley. 1 

Por taking steps to establish a Botanical 
Laboratory at Perademya, Ceylon 

Chairman — Piofessor M Foster ^ 

Secretary — Professor F 0 Bower 
Professor Bayle^" Balfour, l\lr. Thiselton- 
Dyer, Dr Trimen, Professor Marshall 
Ward, ^Ir. Carrutheis, Piofe‘'sor Har- 
tog, and Mr W. Gardinei 

To consider proposals for the Legislative 
Protection of Wild Birds’ Eggs. 

Chmrman — Mr. Thomas Henrj’ Thomas 
Secretary — Dr. C 'Y Vachell 

Professors W. N. Parker, Newton, and 
Leipner, Mr IViulton, and Canon 
Tristram. 

The Teaching of Science in Elementary 
Schools, 

Clunrnum . — Dr J H. Gladstone. 

Seci'ctary — Professor 11. E. Armstrong. 

Mr S. Bourne, Dr Crosskey, Mi. George 
Gladstone, Mr J. Heywood, Sir J 
Lubbock, Sir Philip Magnus, Professor 
N. Story Maskelyne, Sir H. E Rosooe, 
Sir R. Temple, and Professor Silvanus P. 
Thompson. j 

e 2 
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REPORT — 1891 


2. Not receiving Grants of Moiiey—GOXiiimiQdi. 


Subject for Investigation or Purpose 

Members of the Committee 

Intermarriage between widely dis- 
similar Peoples inhabiting the same 
Country. 

The Prehistoric and Ancient Remains 
of Glamorganshire. 

Chairmcm — Professor F. Max Muller. 
Secretary . — Mr II. Ling Roth. 

Dr. E. B Tylor. 

Chairman . — Lord Aberdare, 
Secretary.~--Mx. E. Seward. 

Lord Bute, Messrs. G. T. Clark, R. W. 
Atkinson, Franklen G. Evans, C Tan- 
field Vachell, James Bell, and T H. 
'Ihomas, and Dr. Garson. 


Other Resolutions adopted hij the General Committee. 

That Mr W N Shaw be requested to continue his Report on the present state of 
our Knowledge in Electrolysis and Eloctro«chemistry. 

That the Report on Thermodynarnics presented by Dr. J Larmor and Mr G. H. 
Bryan be printed among the Repoits. 

That Dr. J Larrnoi and Mr. G. II. Bryan be requested to continue their Report 
on the present state ol oiii knowledge in Theimodynatnics, specially with regard to 
the Second Law 

That Professor II, A Newton’s paper on ‘ The Action of a Planet upon Small 
Bodies passing near the Planet, with special reference to the Action of Jupiter upon 
such Bodies,’ be printed in extnm in the Repoit ot the Association 

That the Report presented by the Committee appointed to arrange for the occupa- 
tion of a Table at the Zoological Station at Naples be printed in full in the Reports 

That the arrang<'ments for Section.al Meetings adopted at the present Annual 
Meeting be continued next yeai at Edinburgh. 


Resolntimis referred to the Council for consideration^ and action 
if desirable 

A Resolution relating to the Times of Meeting of the Gencial Committee and the 
Committee of Recommendations. 

Resolutions referring to the Ordnance Survey, viz, 

(1) That the publication of the one-inch and six-inch Ordnance Survey Maps is, 
in the interests of Science, urgently required at the earliest possible date, no less 
than in the interests of Industry, Manufacture, and Technical Education 

(2) That steps be taken and provision made for keeping the Ordnance Maps up 
to date. 

(3) That the Maps should be made more accessible to the public, and .should be 
sold at a lowei price, as is the case in nearly all other official publications, such as 
Admiralty Charts, Pdue Books, &c. 

That the following papers be printed in full • * Recent Progress in Indian Agricul- 
ture,’ by C. L. Tupper ; ‘ Recent Progress in Indian Railways,’ by W C Furnivall. 
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Synopsis of Grants of Money appropriated to Scientific Pur- 
poses by the General Committee at the Cardiff Meeting^ in 
August 1891. The Names of the Members entitled to call 
•on the General Treasurer for the respective Grants are prefixed. 


Mathematics and Physics. 

£ s. d, 

^Foster, Professor Carey. — Electrical Standards (partly re- 
newed) 27 4 6 

^McLaren, Lord. — Meteorological Observations on Ben Nevis 50 0 0 

Symons, Mr. G. J. — Photographs of Meteorological Phenomena 15 0 0 

■^Cayley, Professor. — Pellian Equation Tables (partly renewed) 15 0 0 

^Rayleigh, Lord-— Tables of Mathematical Functions 15 0 0 

^Fitzgerald, Professor. — Electrolysis 5 0 0 

♦Lodge, Professor 0. J. — Discharge of Electricity from Points 50 0 0 

♦Thomson, Sir W. — Scismological Phenomena of Japan .... 10 0 0 


Chemistry and Mineralogy. 


^Roberts-Austen, Professor. — Analysis of Ii’on and Steel (re- 
newed) 8 16 0 

Armstrong, Professor H. E. — Formation of Haloids from 

Pure Materials (partly renewed) 25 5 0 

*Tilden, Professor W. A. — Properties of Solutions 10 0 0 

♦Thorpe, Professor — Action of Light upon Dyed Colours 

(partly renewed) 10 0 0 

Geology. 

^Prestwich, Professor. — Erratic Blocks (partly renewed) ... 15 0 0 

* Wiltshire, Rev. T. — Fossil Phyllopoda (renewed) 10 0 0 

*Geikie, Professor J. — Photographs of Geological Interest ... 20 0 0 

♦Woodward, Dr. H. — Registration of Type Specimens of 

British Fossils (renewed) 5 0 0 

♦Hull, Professor E. — Underground Waters 10 0 0 

♦Davis, Mr. J. W. — Investigation of Elbolton Cave 25 0 0 

Jones, Professor T. R. — Faunal contents of Sowerhyi Zone .. 10 0 0 

♦Evans, Dr. J, — Excavations at Oldbury Hill 25 0 0 

Wood ward. Dr. H. — Cretaceous Polyzoa 10 0 0 


Carried forward £371 5 6 


Reappointed. 
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REPOKT — 1891. 


I s, d. 

Brought forward 371 5 6 

Biology, 

^Sclater, Dr. P. L. — Table at the Naples Zoological Station 100 0 0 

*Lankester, Professor E R.— Table at Plymouth Biological 

Laboratory (renewed) 17 10 0 

*Haddon, Professor A. C. — Improving a Deep sea Tow-net 

(partly renewed) ... 40 0 0 

^Newton, Professor — Fauna of Sandwich Islands (renewed) 100 0 0 

^Sclater, Dr. P. L. — Zoology and Botany of the West India 

Islands (renewed) 100 0 0 

Geograjjliy. 

Ravenstein, Mr. E. G. — Climatology and Hydrography of 


Anthrojyology, 

^Flower, Professor. — Anthropometric Laboratory 5 0 0 

*Garson, Dr. J. G. — Prehistoric Remains in Mashonaland ... 50 0 0 

*Tylor, Dr. E. B. — North-Western Tribes of Canada . . .. 100 0 0 

^Turner, Sir W. — Habits, Customs, &c., of Natives of India 

(renewed) .. 10 0 0 

^Flower, Professor. — New Edition of Anthropological Notes 

and Queries 20 0 0 

♦Symons, Mr G. J. — Corresponding Societies Committee .. 25 0 0 

£1,013 15 6 

* Keappointed. 


The Annual Meeting in 1892. 

The Meeting at Edinburgh will commence on Wednesday, August 3 
Place of Meeting in 1893. 

The Annual Meeting of the Association will be held at Nottingham. 
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General Statement of Sums which have been paid on account of 
Grants for Scientific Purposes. 


£ 8. d. 

1834. 

Tide Discussions 20 0 0 


1835. 

Tide Discuwssions 62 0 0 

British Fossil Ichthyology . . 105 0 0 

£167 0 0 


1836 

Tide Discussions 163 0 0 

British Fossil Ichthyology ... 105 0 0 

Thermometnc Observations, 

&c 50 0 0 

Experiments on long-con- 
tinued Heat 17 1 0 

Kain-gauges 0 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

£135 0 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves .... 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterra- 
nean Tenifierature 03 3 0 

Vitrification Experiments ... 150 0 0 

Heart Experiments 8 4 6 

Baromctiic Observations 30 0 0 

Barometers.. . 11 18 6 

£922 T2“6 

1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Obscivations 
and Anemometer (construc- 
tion) .... 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Sub- 
stances (Preset vation of) ... 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud m Rivers 3 6 6 

Education Commitlee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Steam- vessels. 100 0 0 

Meteorological Committee ... 31 9 5 

£W2~ 2~~ 2 

1839. 

Fossil Ichthyology 110 0 0 

Meteorological Observations 
at Plymouth, &c 63 10 0 


£ 8. d. 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 

Meteorology and Subterra- 
nean Tempeiature 21 11 0 

Vitrification Experiments ... 9 4 7 

Cast-iron Experiments 103 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam- vessels’ Engines .... 100 0 0 

Stars in Histoire Celeste 171 18 6 

Btais m Lacaille 11 0 0 

►Stars in R.A S. Catalogue ... 166 16 6 

Animal Secretions 10 10 0 

Steam Engines in Cornwall... 50 0 0 

Atraospheiic Air 16 1 0 

Cast and W rought Iron 40 0 0 

Heat on Oiganic Bodies 3 0 0 

Oases on Solai Spectrum. ... 22 0 0 

Hourly Meteorological Ob- 

sm'vations, Inverness and 

Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

£1595 11 0 

1840 

Bristol Tides 100 0 0 

S'lbtenanean Temperature ... 13 13 6 

Heait Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide I_)i>cussions 50 0 0 

Land and Sea Level 6 11 1 

Stais (Histoirt' Ceh'ste) . 212 10 0 

Stars (Lacaille) . .. . ... 4 15 0 

Stais (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

WatiT on Iron 10 0 0 

Heat oil Organic Bodies 7 0 0 

Meteoiological Obseri ations . 52 17 6 

Foreign Scientific ^lemoirs . . 112 1 6 

Woiking Population 100 0 0 

School Statistics 50 0 0 

Foinis of Vessels 184 7 0 

Chemical and Electiicnl Phe- 
nomena 40 0 0 

Meteorological t)bsei \ ation.s 

at Plymoutli 80 0 0 

Magiietical Obsei v.itions ... . 185 13 9 

£^1546 16 4 


1841 

Observations on Waves 30 0 0 

Meteorology and Subteira- 

nean Temperatuic 8 8 0 

Actinometeis 10 0 0 

Eartlupiake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 
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1891 


£ 8. d. 

Marine Zoology 16 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers 6 18 6 

Stars (Histoire Celeste) .... 185 0 0 

Stars (Lacaille) 79 6 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 60 0 0 

Meteorological Observations 

at Inverness 20 0 0 

Meteorological Observations 

(reduction of) 25 0 0 

Fossil Reptiles 60 0 0 

Foreign Memoirs 62 0 6 

Railway Sections 98 1 0 

Forms of Vessels 193 12 0 

Meteorological Observations 

at Plymouth 66 0 0 

Magneticai Observations 61 18 8 

Fishes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 60 0 0 

Anemometer at Kdinbuigli ... 69 1 10 

Tabulating Observations 6 3 

Races of Men 6 0 0 

Radiate Animals 2 0 0 

jt!V2:v> 10 11 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Bntanmaj 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia .. 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ En- 
gines 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (Bnt Assoc Cat. of) ... 110 0 0 

Railway Sections 161 10 0 

British Belemnites 50 0 0 

Fossil Reptiles (publication 

of Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on 

Rocks 5 8 6 

Meteorological Experimcmts 

at Plymouth 68 0 0 

Constant Indicator and Dyna- 
mometric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds . 8 111 

Questions on Human Race . . 7 9 0 


£1449 17 8 

1843. 

Revision of the Nomenclature 
of Stars 


£ 8. d. 

Reduction of ^tars, British 

Association Catalogue 26 0 0 

Anomalous Tides, Frith of 

Forth 120 0 0 

Hourly Meteorological Obser- 
vations at Kingussie and 

Inverness 77 12 8 

Meteorological Observations 

at Plymouth 66 0 0 

Whewell’s Mcteoi ological Ane- 
mometer at Plymouth 10 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply- 
mouth 20 0 0 

Reduction of Meteorological 

Observations 30 0 0 

Meteorological Instruments 

and Gratuities 39 6 0 

Construction of Anemometei 

at Inverness 66 12 2 

Magnetic Co-operation 10 8 10 

Meteorological Recorder for 

Kew Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Ob- 
servatory, Wages, Repairs, 

Furniture, and Sundries ... 133 4 7 

Expenments by Captive Bal- 
loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Report on 

Fossil Reptiles 40 0 0 

Coloured Drawings of Rail- 
way Sections 147 18 3 

Registration of Eartliquake 

Shocks 30 0 0 

Report on Zoologn.al Nomen- 
clature 10 0 0 

Uncovering Lower Red Sand- 
stone neai Manchester 4 4 6 

Vegetative Power of Seeds ... 5 3 8 

Marine Tcstacea (Habits of) 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on Brit- 
ish Fossil Mammalia 100 0 0 

Physiological Operations of 

Medicinal Agents 20 0 0 

Vital Statistics 36 6 8 

Additional Experiments on 

the Forms of Vessels ... 70 0 0 

Additional Experiments on 

the forms of Vessels 100 0 0 

Reduction of Experiments on 

the Forms of Vessels 100 0 0 

Morin’s Instrument and Con- 
stant Indicator 69 14 10 

Experiments on the Strength 
of Materials 60 0 0 


£1565 10 2 


2 0 0 



GENERAL STATEMENT. 
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1844. 

Meteorological Observations 
at Kingussie and Inverness 12 
Completing Observations at 

Plymouth 35 

Magnetic and Meteorological 

Co-operation 26 

Publication of the British 
Association Catalogue of 

Stars 35 

Observations on Tides on the 
East Coast of Scotland ... 100 
Ecvisionof the Nomenclature 

of Stars 1842 2 

Maintaining the Establish- 
ment at Kew Observa- 
tory 117 

Instruments for Kew Obser- 
vatory 56 

Influence of Light on Plants 10 

Subterraneous Temperature 

in Ireland 5 

Coloured Drawings of Hall- 
way Sections . . 15 

Investigation of Fossil Fishes 
of the Lower Tertiary Strata 100 
Registering the Shocks of 
Earthquakes .... 1842 23 
Structure of Fossil Shells .. 20 

Radiata and Mollusca of the 
.ffigean and Red Seas 1842 100 
Oeogiaphical Distributions of 
Marine Zoology 1842 0 

Marine Zoology of Devon and 

Cornwall 10 

Marine Zoology of Corfu . . 10 

Experiments on the Vitality 

of Seeds 0 

Experiments on the Vitality 
of Seeds 1812 8 


£ (?. 

Electrical Experiments at 

Kew Observatory 43 17 8 

Maintaining the Establish- 
ment at Kew Observatory 149 16 0 

For Kreil’s Barometrograph 25 0 0 

Gases from Iron Furnaces... 50 0 0 

The Actinograph 15 0 0 

Microscopic Structure of 

Shells 20 0 0 

Exotic Anopl lira 1843 10 0 0 

Vitality of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

Marine Zoology of Cornwall . 10 0 0 

Physiological Action of Medi- 
cines 20 0 0 

Statistics of Sickness and 

Mortality in York 20 0 0 

Earthquake Shocks 1843 15 14 8 


British Association Catalogue 

of Stars 1844 211 

Fossil Fishes of the London 

Clay 100 

Computation of the Gaussian 

Constants for 1 829 5 

Maintaining tlie Estahlisli- 
raent at Kew Observatory 146 

Strength ot Mateiials 60 

Researches in Asphyxia 6 

Examinat ion of Fossil Shells 10 

Vitality of Seeds 1844 2 

Vitality of Seeds 1845 7 

Marine Zoology of Cornwall 10 
Marine Zoology of Britain ... 10 

Exotic Anoplura 1844 25 

Expenses attending Anemo- 
meters 11 


Exotic Anoplura 

15 

0 

0 I Anemometers’ Repairs.. 


2 

3 

6 

Strength of Materials 

100 

0 

0 { Atmospheric Wa\es 


3 

3 

3 

Completing Experiments on 



1 Captive Balloons 

.1844 

8 

19 

8 

the Forms of Ships 

100 

0 

0 1 Varieties ot the Human Race 




Inquiries into Asphyxia 

10 

0 

0 

1844 

7 

6 

3 

Investigations on llie Internal 



Statistics of vSickncss 

and 




Constitution of jMetaK . 

50 

0 

0 1 Mortality in Yoik 


12 

0 

0 

Constant Indicator and Mo- 



1 

£685 

16 

0 

rin’s Instrument ... . 1842 

10 

0 

0 ! 



— 

— 

£981 

12 

± j i8tr. 






Publication of the British As- 
sociation Catalogue of Stars 351 14 
Meteorological Observations 

at Inverness 30 18 

Magnetic and Meteorological 

Co-operation 16 16 

Meteorological Instruments 

at Edinburgh 18 11 

Reduction of Anemometrical 

Observations at Plymouth 26 0 


Computation of the Gaussian 

Constants for 1 82t> 60 

H.abits of Marine Animals . . 10 

PI lysiological Action of Medi- 
cines 20 

Marine Zoology ot Cornwall 10 

Atmospheric \Vaves 6 

Vitality of Seeds 4 

Maintaining the Establish- 
ment at Kew Observatory 107 

£ 208 ~ 
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£ 8. d. 


£ 8 . 


1848. 

Maintaining the Establish- 
ment at Kew Observatory 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 915 0 

Completion of Catalogue of 

Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 

1^275 1 8 


1849. 

Electrical Observations at 


Kew Observatoiy 

50 

0 

0 

Maintaining the Establish- 

ment at ditto . 

76 

2 

6 

Vitality of Seeds 

5 

8 

1 

On Growth of Plants 

6 

0 

0 

Registration of Periodical 

Phenomena 

10 

0 

0 

Bill on Account of A nemo- 

metrical Observations .... 

13 

9 

0 

£1.59 

19 

6 


1850. 


Maintaining the Establish- 




ment at Kew Obs(‘rvatory 

255 

18 

0 

Transit of Earthqu.ike Waves 

50 

0 

0 

Periodical Phenomena 

15 

0 

0 

Meteoioljgical Instiuments, 




Azores 

25 

0 

0 

£ 

345 

18 

0 


1851 

Maintaining the Establish- 


ment at Kew Observatory 
(includes part of grant in 


1849) 

309 

2 

2 

Theory of Heat 

20 

1 

1 

Periodical Phenomenaot Am 




mals and Plants 

5 

0 

0 

Vitality of Seeds . . . 

6 

6 

4 

Influence of Solar Radiation 

30 

0 

0 

Ethnological Inquiries . 

. 12 

0 

0 

Researches on Annelida 

. 10 

0 

0 


£391 

9 

“7 


1852. 

Maintaining the Establish- 
ment at Kew Obseivatoiy 
(including balance of grant 
for 18.50) .... ■ 233 17 8 

Experiments on the Conduc- 
tion of Heat 5 2 9 

Influence of Solar Kadiat ions 20 0 0 
Geological Map of Ireland ... 15 0 0 

Researches on the British An- 
nelida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 


£304 6 7 


186.3. 

Maintaining the Establish- 
ment at Kew Observatory 166 0 0’ 


Experiments on the Influence 

of Solar Radiation 16 0 0 

Reseaichcs on the British 

Annelida 10 0 0 

Dredging on the East Coast 

of Scotland 10 0 0 

Ethnological Queries 5 0 O' 


I £205 0 0 

1851. 

Mainiuiiiing the Establish- 
I ment at Kew Observatory 


(including balance of 

former grant) 330 16 4 

Investigations on Flax 11 0 0 

Etlects oi Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 


£380 19 7 

1855. 

Maintaining the Establish- 
ment at Kew Obser vat oiy 425 0 0 


Earthquake Movements ... 10 0 0 

Physical Aspect ol the Moon 11 8 5 

Vitality ot S(‘eds 10 7 11 

Map of the World 15 0 0 

Ethnological Queues 6 0 0 

Di edging near Bellast ... 4 0 O- 


£480 ~1 6 4 

1856. 


Maintaining the Establish- 
ment at Kew Obseiva- 
tory — 


1851 .. . £ 75 0 0\ 

1865 £500 0 0/ 

575 

0 

0 

Strickland’s Ornithological 

Synonyms 

Dredging and Dredging 

100 

0 

0 

Forms 

9 

13 

0 

Chemical Action of Eight ... 

20 

0 

0 

Strength of Iron Plates . . 
Registration of Periodical 

10 

0 

0 

Phenomena 

10 

0 

0 

Propagation of Salmon 

10 

0 

0 

£734 

13' 

9 


1857. 

Maintaining the Establish- 
ment at Kew Observatory 350 0 0’ 

Earthquake Wave Experi- 


ments 40 0 R 

Dredging near Bellast 10 0 0- 


Dredging on the West Coast 
of Scotland 


10 0 0 



GENERAL STATEMENT, 


xci 



£ 

s. 

d. 


£ 

s. 

d. 

Investigations into the Mol- 




Chemico-mechanical Analysis 




lusca of California 

10 

0 

0 

of Rocks and Minerals 

25 

0 

0 

Experiments on Flax 

5 

0 

0 

Researches on the Growth of 




Natural History of Mada- 




Plants 

10 

0 

0 

gascar 

20 

0 

0 

Researches on the Solubility 




Researches on British Anne- 




of Salts 

30 

0 

0 

lida 

25 

0 

0 

Researches on t h e Const it uent s 




Report on Natural Products 




of Manures 

25 

0 

0 

imported into Liverpool . . 

10 

0 

0 

Balance of Captive Balloon 




Artificial Propagation of Sal- 




Accounts 

1 

13 

6 

mon 

10 

0 

0 

£760 

19 

6 

Temperature of Mines . ... 

7 

8 

0 

- 




Thermometers for Subterra- 




1801. 




nean Observations 

5 

7 

4 

Maintaining the Establish- 




Life-boats 

5 

0 

0 

merit at Kew Observatory. 

500 

0 

0 

£507 

1 5 

4 

Eartliquake Experiments. . . 

25 

0 

0 





Dredging North and East 




1858. 




Coasts of Scotland 

23 

0 

0 

Maintaining the Establish- 




Dredging Committee • — 




merit, at Kcw Observatory 

500 

0 

0 

1800 £50 0 0 ^ 




Earthquake Wave Expen- 




1801 .. .£22 0 0 j 




merits 

25 

0 

0 

Excavations at Dura Den 

20 

0 

0 

Drediring on the West Coast 




Solubility of Salts 

20 

0 

0 

of Scotland 

10 

0 

0 

Steam- vessel Performance . . 

1 50 

0 

0 

Dredging near Dublin . 

5 

0 

0 

Fossils of Lesmahagow 

15 

0 

0 

Vitality of Seeds 

5 

5 

0 

Explorations at IJriconium ... 

20 

0 

0 

Dredging near Belfast .. . 

18 

l.i 

2 

(;iiemical Alloys 

20 

0 

0 

Rejiort on tlie Biitisii Aiine- 




Classitu'd Index to the Trans- 




lida . 

25 

0 

0 

actions 

100 

0 

0 

Experiments on the produc- 




Dredging in the Mersey and 




tion of Heat by Motion in 




Dee 

5 

0 

0 

Fluids 

20 

0 

0 

Dip Circle 

30 

0 

0 

Report on the Natuial Pro- 




Photoheliographic Observa- 




ducts imported into Scot- 




tions 

50 

0 

0 

land 

10 

0 

0 

Prison Diet... .. . 

20 

0 

0 

£’518 

IS 


0 aiming ol Water 

10 

0 

0 




mmiL 


(3 

5 

10 

185h. 




Constituents of Manures ... 

25 

0 

0 

Maintaining the Establish- 




£1 I U 

5 

10 

merit at Kew Observatory 

500 

0 

0 





Dredging near Dublin 

15 

0 

0 1 

1802 




Osteology of Buds 

50 

0 


Maintaining the Estahlisli- 




Irish Tunicata 

5 

0 

0 

niont at Kew Observatory 

600 

0 

0 

Manure Expeiiments . 

20 

0 

0 

Patent l.aws 

21 

0 

0 

British Medusidie 

5 

0 

0 

Molluscaof N.-W ot .\meiica 

10 

0 

0 

Dredging Committee . . 

5 

0 

0 

Natural History by Mercantile 




Steam- vessels’ Performance. . 

5 

0 

0 

Marine 

5 

0 

0 

Marine Fauna ot South and 




Tidal Observations 

2.5 

0 

0 

West of Ireland .... 

10 

0 

0 

Pholoheliometer at Kew 

40 

0 

0 

Photographic Chemistry .... 

10 

0 

0 

Photographic Pictures of the 




Lanarkshire Fossils . 

20 

0 

1 

Sun . 

1 50 

0 

0 

Balloon Ascents 

:ii) 

11 

0 

Rocks of Donegal 

25 

0 

0 


1 1 


Diedeing Durham and North- 








limber land 

25 

0 

G 

1800 




Connection of Storms 

20 

0 

0 

Maintaining the Establish- 




Dredging North-east Coast 




merit at Kew Observatory 

500 

0 

0 

of Scotland 

6 

9 


Dredging near Belfast 

]f> 

r> 

0 

Ravages of Tm I'do 

3 

11 


Dredging in Dublin Bav.. . 

15 

0 

0 

Standards of Electrical Re- 




Inquiry into the Performance 




sistance 

50 

0 


of Steam-vessels 

124 

0 

0 

Railway Accidents 

10 

0 


Explorations in the Yellow 




Balloon Committee 

200 

0 


Sandstone of Dura Den ... 

20 

0 

0 

Dredging Dublin Bay 

10 

0 




xcii 


REPORT* 


1891 , 


£ t. d. 

Dredging the Mersey 6 0 0 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 

Steamships’ Performance 150 0 0 

Thermo-electric Currents ... 5 0 0 

£T2?3 16 6 


1863. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Balloon Committee deficiency 70 0 0 
Balloon Ascents (other ex- 


penses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal .5 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Move- 
ments 13 0 0 

Dredging Shetland 50 0 0 

Dredging North-east Coast of 

Scotland 25 0 0 

Dredging Northumberland 

and Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Peiformance 100 0 0 

Balloon Committee 200 0 0 

Carbon underpressure 10 0 0 

Volcanic lemperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Electrical Construction and 

Distribution 40 0 0 

Luminous Meteors 17 0 0 

Kew Addit ional Buildings for 

Photohcliograph 100 0 0 

Thermo-electricity 15 0 0 

Analysis of Kocks 8 0 0 

Hydroida 10 0 0 


£1608 3 10 I 

1864. i 

Maintaining tJie Establish- 


ment at Kew Observatory.. 600 0 0 

'Coal Fossils 20 0 0 

Vertical Atmo.sphenc Move- 
ments 20 0 0 

Dredging Shetland 75 o 0 

Dredging Northumberland . 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Ke- 

sistance 100 0 0 

Analysis of Hocks 10 0 0 

Hydroida 10 0 0 

Askham’s Gift 50 o 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee ... 5 0 0 

Bain -gauges 19 15 g 

Cast-iron Investigation 20 0 0 


£ i. d. 

Tidal Observations in the 


Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£1289 15 8 


1866 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Balloon Committee 100 0 0 

Hydroida 13 0 0 

Rain-gauges 30 0 0 

Tidal Observations in the 

Humber 6 8 0 

Hexyl ic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypterus 50 0 0 

Elect li cal Standards 100 0 0 

Malta ('aves Itesearches 30 0 0 

Oy.ster Itrooding 25 0 0 

Gibraltar Cav€\s Kesearches... 150 0 0 

Kent'.s Hole Excavations 100 0 0 

Moon’s Surface Observations 35 0 0 

Marino Fauna 25 0 0 

Dredging Aberdoenshiio 25 0 0 

Dredging Channel Islands .. 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies 

in Water 100 0 0 

Bath Waters An aly. SIS 8 10 10 

Luminous Meteors .. 40 0 0 


£1591 7 10 


1866 

Maintaining the Establish- 
ment at Kew Observatory. . 600 0 0 

Lunar Committee 84 13 4 

Balloon Committee 60 0 0 

Metrical Committee 50 0 0 

British Rainfall 60 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf- Bed ... 15 0 0 

Luminous Meteors 60 0 0 

Lingula Flags Excavation ... 20 0 0 

Chemical Constitution of 

Cast Iron 50 0 0 

Amyl Compounds 25 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent ’s Hole Exploration 200 0 0 

Marine Fauna, &c., Devon 

and Cornwall 25 0 0 

DrcdgingAberdecnsliire Coast 25 0 0 

Dredging Hebrides Coast ... 60 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies 

in Water 60 0 0 

Polycyanidesof Organic Radi- 
cals 29 0 0 




GENERAL STATEMENT. 


xoiii 


£ 

s. 

d. 


£ 

9. 

d. 

Rigor Mortis 

10 

0 

0 

Secondary Reptiles, &c 

30 

0 

0 

Irish Annelida 

16 

0 

0 

British Marine Invertebrate 




Catalogue of Crania 

60 

0 

0 

Fauna 

100 

0 

0 

Didine Birds of Mascarene 

60 

0 

0 

£1940 

0 

jO 

Typical Crania Researches ... 

80 

0 

0 

1869. 




Palestine Exploration Fund... 

100 

0 

0 

Maintaining tlie Establish- 





i:i 

4 

rnent at Kew Observatory. . 

600 

0 

0 





Lunar Committee 

. 60 

0 

0 

1867. "" 




Metrical Committee 

26 

0 

0 

Maintaining the Establish- 




Zoological Record 

100 

0 

0 

ment at Kew Observatory . 

600 

0 

0 

Committee on Gases in Deep- 




Meteorological Instriimen ts, 




well Water 

26 

0 

0 

Palestine 

60 

0 

0 

British Rainfall 

50 

0 

0 

Lunar Committee 

120 

0 

0 

Thermal Conductivity of Iron, 





80 

0 

0 


.30 

0 

0 

Kent’s Hole Explorations ... 

100 

0 

0 

Kent’s Hole Explorations 

150 

0 

0 

Palestine Explorations 

50 

0 

0 

Steamship Performances 

30 

0 

0 

Insect Fauna, Palestine ... . 

80 

0 

0 

Chemical Constitution of 




British Rainfall 

60 

0 

0 

Cast Iron 

80 

0 

0 

Kilkenny Coal Fields . .. 

25 

0 

0 

Iron and Steel Manufacture 

100 

0 

0 

Alum Bay Fossil Leaf-bed ... 

26 

0 

0 

Methyl Series 

30 

0 

0 

Luminous l\I(‘teors 

50 

0 

0 

Organic Remains in Lime- 




Bournemouth, «.^’c , Leaf- beds 

80 

0 

0 

stone Rocks 

10 

0 

0 

Dredging Shetland 

75 

0 

0 

Eartlujuakes in Scotland 

10 

0 

0 

Steamship Reports Condensa- 




Itritisli Fossil Corals . 

50 

0 

0 

tion 

100 

0 

0 

Bagshot Leaf- beds 

30 

0 

0 

Elect 11 cal Slaiidaids 

100 

0 

0 

Fossil Flora .. . 

25 

0 

0 


25 

0 

0 


100 

0 

0 

Fossil Crustacea 


0 

0 

Underground Temperature ... 

80 

0 

0 

Sound iindei Water .... 

24 

4 

0 

Spectioscopic Investigations 




North (heenland Fauna 

75 

0 

0 

of Animal Substances 

5 

0 

0 

Do. Plant Beds 

100 

0 

0 

Organic Acids 

12 

0 

0 

Iron and Steel Manutacture .. 

26 

0 

0 

Kiltorcan Fossils 

20 

0 

0 

Patent Laws 

80 

0 

0 

Cliemical Constitution and 




£ 

780 

~4 

() 

Ph;^siological Action Re la- 







= 

lions .. 

15 

0 

0 

1868, 




Mountain Limestone Fossils 

25 

0 

0 

Maintaining the Establish- 




Uiiu',aiion of Sewage 

10 

0 

0 

ment at Kew Observatory. . 

600 

0 

0 

Products of Digestion 

10 

0 

0 

Lunar Committee 

120 

0 

0 

£1622 

0 

0 

TVIptrippl rVimmiilpp 

60 

0 

0 





Zoological Record 

100 

0 

0 

1870. 




Kent’s Hole Exploiations ., 

150 

0 

^ i 

Maintaining the Establish- 




Steamship PeiLumauces, , .. 

100 

0 

0 

ment at Kew Observatory 

600 

0 

0 

British Rainfall 

50 

0 

0 

Metrical Committee 

25 

0 

0 

Luminous M eteoi s 

.60 

0 

0 

Zoological Record . .... 

100 

0 

0 

Organic Acids . . 

60 

0 

0 

(kminuttee on Mai me Fauna 

20 

0 

0 

Fossil Crustacea 

2,6 

0 

0 

Ears m Ehshes 

10 

0 

0 

Methyl Series 

25 

0 

0 

Chemical Nature of Cast Iron 

80 

0 

0 

Mercury and Bile 

2,6 

0 

0 

Luminous IMeteors 

30 

0 

0 

Organic Remains in Lime- 




Heat in the Blood 

15 

0 

0 

stone Rocks 

2,6 

0 

0 

British Rainfall 

100 

0 

0 

Scottish Earthquakes 

20 

0 

0 

Theimal Conductivity of 




Fauna, Devon and Oortiwall 

80 

0 

0 

Iron, <kc 

20 

0 

0 

British Fossil Corals 

.60 

0 

0 

British Fossil Coials 

50 

0 

0 

Bagshot Leaf- beds 

.60 

0 

0 

Kent’s Hole Explorations ... 

1.60 

0 

0 

Greenland Explorations . , 

100 

0 

0 

Scottish Earthquakes 

4 

0 

0 

Fossil Floia 

25 

0 

0 

Bagshot Leaf -beds 

15 

0 

0 

Tidal Observations 

100 

0 

0 

Fossil Floia 

25 

0 

0 

Underground Teinpei at ure . . 

50 

0 

0 

Tidal Observations 

100 

0 

0 

Spectroscopic Investigations 




Underground Ternpeiature ... 

60 

0 

0 

of Animal Substances 

5 

0 

0 

Kiltoioan Quarries Fossils ... 

20 

0 

0 



xciv 


REPORT — 1891 


£ g. d. 

Mountain Limestone Fossils 26 0 0 

Utilisation of Sewap:e 50 0 0 

Organic Chemical Compounds 30 0 0 

Onny River iSediment 3 0 0 

Mechanical Equivalent of 
Heat 60 0 0 


£1572 0 6 


1871. 

Maintaining the Establish* 

ment at Kew Observatory 600 0 0 

Monthly Reports of Progiess 


in Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Recoid 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 0 

Tidal Obser\alions 100 0 0 

Fossil Flora 26 0 0 

Luminous Meteors 30 0 0 

British Fossil Corals 26 0 0 

Heat in the Blood 7 2 6 

British Rainfall 60 0 0 

Kent’s Hole Explorations ... 150 0 0 

Fossil Crustacea 25 0 0 

Methyl Compounds 25 0 0 

Lunar Objects 20 0 0 

Fossil Coral Sections, for 

Photographing 20 0 0 

Bagshot Leaf -beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 


£1472 2 6 


1872. 

Maintaining the Establish* 


ment at Kew Observatory 300 0 0 

Metrical Committee 75 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-embryological Inqui- 
ries 10 0 0 

Kent’s Cavern Exploration.. 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 16 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta .. 25 0 0 

Lunar Objects 20 0 0 

Inverse Wave-lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Antago- 
nism 10 0 0 

Essential Oils, Chemical Con- 
stitution, &c 40 0 0 

Mathematical Tables 60 0 0 

Thermal Conductivity of Me- 
tals 26 0 0 


£1286 0 0 


£ g. d. 

1873. 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

Sevva^^c Committee 100 0 0 

Kent’s Cavern Exploration ... 160 0 0 

Carboniferous Corals 25 0 0 

Fossil Elephants 25 0 0 

Wave-lengths 150 0 0 

j British Rainfall 100 0 0 

! Essent lal Oils 30 0 0 

I Mathematical Tables 100 0 0 

I Gaussian Constants 10 0 0 

! Sub-Wealden Exploiations 25 0 0 

I Underground Temperature ..150 0 0 

' Settle Cave Exploration 60 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Rain- 
fall 20 0 0 

Luminous Meteors 30 0 0 

£1685 0 0 


1874. 

Zoological Record 100 0 0 

Chemistry Record 100 0 0 

Mathematical Tables 100 0 0 

Elliptic Functions 100 0 0 

Lightning Conductors 10 0 0 

Thermal Conductivity of 

Rocks 10 0 0 

Anthropological Instructions, 

Sec 50 0 0 

Kent’s Cavern Exploration ... 150 0 0 

Luminous Meteors 30 0 0 

Intestinal Secretions 15 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 

Sub-Wealden Explorations ... 25 0 0 

Settle Cave Exploration 60 0 0 

Mauritius Meteorological Re- 
search 100 0 0 

Magnetisation of Iron 20 0 0 

Marine Organisms 30 0 0 

Fossils, North-West of Scot- 
land 2 10 0 

Physioloi;ical Action of Light 20 0 0 

Trades Unions 25 0 0 

Mountain Limestone-corals 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts 28 6 0 

High Temperature of Bodies 30 0 0 

Siemens’s Pyrometer 3 6 0 

Labyrinthodonts of Coal- 

measures 7 16 0 

£1T51 16 0 


1876. 

Elliptic Functions 100 0 0 

Magnetisation of Iron 20 0 0 

British Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 



GENERAL STATEMENT. 


XCV 


£ s. d. 

ijpecific Volume of Liquids... 26 0 0 

Estimation of Potash and 

Phosphoric Acid 10 0 0 

Isometric Crcsols 20 0 0 

Sub-Wealdcn Explorations ... 100 0 0 

Kent's Cavern Exploration... 100 0 0 

Settle Cave Exploration 60 0 0 

Earthquakes in Scotland 16 0 0 

Underground Waters 10 0 0 

Development of Myxinoid 

Fishes 20 0 0 

Zoological Record 100 0 0 

Instructions for Travellers ... 20 0 0 

Intestinal Secretions 20 0 0 

Palestine Exploration 100 0 0 


£060 0 0 


1876. 

PrintingMathematicalTables 150 4 2 

British Rainfall 100 0 0 

Ohm’s Law 0 16 0 

Tide Calculating Machine ... 200 0 0 

Specitic Volume of Liciuids... 25 0 0 

[someiic Cresols 10 0 0 

Action of Elkyl Bromobuty- 
rate on Ethyl Sodaceto- 

acetate 6 0 0 

Estimation of Potash and 

Phosphoric Acid 13 0 0 

Exploration of Victoria Cave, 

Settle 100 0 0 

Geological Record 100 0 0 

Kent’s Cavern Exploration... 100 0 0 
Tlierrnal Conductivities of 

Rocks 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Scotland 110 0 

Zoological Record 100 0 0 

Close Time 6 0 0 

Physiological Action of Sound 26 0 0 

Zoological Station 75 0 0 

Intestinal Secretions 16 0 0 

Physical Characters of Inha- 
bitants of British Isles 13 16 0 

Measuring Speed of Ships ... 10 0 0 

Effect of Propeller on turning 

of Steam-vessels 6 0 0 


£1002 4 2 


1877. 

Liquid Caibonic Acids in 

Minerals 20 0 0 

Elliptic Functions 250 0 0 

Thermal Conductivity of 

Rocks on 7 

Zoological Record 100 0 0 

Kent’s Cavern 100 0 0 

Zoological Station at Naples 76 0 0 

Luminous Meteors 30 0 0 

Elasticity of Wires 100 0 0 

1)1 pterocarpm, Report on 20 0 0 


£ s. d. 

Mechanical Equivalent of 

Heat 36 0 0 

Double Compounds of Cobalt 

and Nickel 8 0 0 

Underground Temperatures 50 0 0 

Settle Cave Exploration 100 0 0 

Underground Waters in New 

Red Sandstone 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 

acetate 10 0 0 

British Earthworks 25 0 0 

Atmospheric Elasticity in 

India 15 0 0 

Development of Light from 

Coal-gas 20 0 0 

Estimation of Potash and 

Phosphoric Acid 1 18 0 

Geological Record 100 0 0 

Anthropometric Committee 34 0 0 

Plij^Mological Action of Phos- 
phoric Acid, i<:c 15 0 0 


£1128 9 7 


1878. 

Exploration of Settle Ca\cb 100 0 0 

Geological Record . 100 0 0 

Investigation of Pulse Pheno- 
mena by means of Syphon 

Recoidcr 10 0 0 

Zoological Stat ion at Naples 76 0 0 
Invest igat ion of Underground 

Wat CIS 15 0 0 

Transmission of Electrical 
Impul.scs through Ncive 

Structure 30 0 0 

Calculation of I’actor Table 

for 4th Million 100 0 0 

Anthiopometric Committee... 66 0 0 

Chemical Composition and 
Structure of le.ss- known 

Alkaloids 25 0 0 

Explorat ion of Kent 's Cavern 50 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Exploration 15 0 0 

Thermal (^)nductivity of 

Rocks 4 16 6 

Luminous Meteors 10 0 0 

Ancient Earthworks 2.') 0 0 

£725 16 6 

1879 

Table at the Zoological 

Station, Naples 75 0 0 

Miocene Flora of the Basalt 
of the Noith of Ii eland ... 20 0 0 

Illustrations foi a Monograph 

on the Mammoth 17 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Composition and Structure of 

less-known Alkaloids 26 0 0 
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REPORT — 1 891 


£ s. d. 

Exploration of Caves in 

Borneo 60 0 0 

Kent’s Cavern Exploration .. . 100 0 0 

Record of the Progress of 

Geology 100 0 0 

Fermanagh Caves Exploration 5 0 0 

Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Salts 25 0 0 

Anthiopomctric Committee 50 0 0 

Natural History of Socotra .. . 100 0 0 

Calculation ol Factor Tables 

for 6tli and 6tli Millions ..150 0 0 

Circulation of Underground 

Waters 10 0 0 

Steering of Screw Steamers .. 10 0 0 

Improvements in Astrono- 
mical Clocks SO 0 0 

Marine Zoology of Soutli 

Devon 20 0 0 

Detcrminat ion of Mechanical 

Equivalent of Heat 12 15 6 

Specitic Inductive Capacity 

of Siirengel Vacuum 40 0 0 

Tables of Sun-heat Co- 

efUcients 30 0 0 

Datum Level of the Ordnance 

Survey 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forma 36 14 9 

Atmospheric Elet.tricity Ob- 
servations in Madeira ... 15 0 0 

Instrument for Detecting 

Fire-damp in Mines 22 0 0 

Instruments for Measuring 

the Speed of Ships 17 1 8 

Tidal Observations in the 

English Cliannel 10 0 0 


£1080 11 11 


1880. 

New Form of High Insulation 

Key 10 0 0 

Undcrsrround Temperatuio ... 10 0 0 

Determination of the Me- 
chanical Equivalent of 

Heat 8 5 0 

Elasticity of Wires .... 50 0 0 

Luminous Meteors 30 0 0 

Lunar Disturbance of Gravity .30 0 0 

Fundamental Invariants 8 6 0 

Laws of Water FiicUon 20 0 0 

Specific Inductive Capacity 

of Sprengel Vacuum 20 0 0 

Completion of Tables of Suii- 

heat Coefficients 50 0 0 

Instrument for Detection of 

Fire-damp in Mines 10 0 0 

Inductive Capacity of Crystals 

and Paraffines 4 17 7 

Report on Carboniferous 

Polyzoa 10 0 0 



£ 

i. 

d. 

' Caves of South Ireland 

10 

0 

0 

Viviparous Nature of Ichthyo- 
saurus 

10 

0 

0 

Kent’s Cavern Exploration... 

50 

0 

0 

Geological Record 

100 

0 

0 

Miocene Flora of the Basalt 
of North Ireland 

15 

0 

0- 

Underground Waters of Per- 
mian Formations 

6 

0 

0 

Record of Zoological Litera- 
ture 

100 

0 

0 

Table at Zoological Station 
at Naples 

76 

0 

0 

Investigation of the Geology 
and Zoology of Mexico 

50 

0 

0 

Anthropometry 

60 

0 

0 

Patent Laws 

6 

0 

0 

£731 

7 

7 

1881. 

Lunar Disturbance of Gravity 

30 

0 

0 

Undergiound Tempeiature ... 

20 

0 

0 

Electrical Standards 

25 

0 

0 

High Insulation Key 

5 

0 

0 

Tidal Observations 

10 

0 

0 

Specitic Refractions 

7 

3 

1 

Fossil Polyzoa 

10 

0 

0 

Underground Wateis 

10 

0 

0 

Eaithquakes in Japan 

25 

0 

0 

Tertiary Flora 

20 

0 

0 

Scottish Zoological Station .. 

60 

0 

0 

Najiles Zoological Station ... 

75 

0 

0 

Natural History of Socotra ... 

60 

0 

0- 

Anthropological Notes and 
Queries 

9 

0 

0 

Zoological Record 

100 

0 

0 

Weights <iiid Heights of 
Human Beings 

30 

0 

0 

£476 

3 

1 

1882. 

Exploration of Central Africa 

100 

0 

0 

Fundamental Invariants of 
Algebraical Forms ... 

76 

1 

11 

Standards for Electrical 
Me.asurcments 

100 

0 

0 

Calibration of Mercurial Ther- 
moraeteis 

20 

0 

0 

Wave-length Tables of Spec- 
tia of Elements 

60 

0 

0 

Pilot ograjihing Ultra-violet 
Spark Sped ra 

25 

0 

0 

Geological Recoid 

100 

0 

0 

Earthquake Phenomena of 
Japan 

25 

0 

0 

Conversion of Sedimentary 
Mai enals into Metamorphic 
Rocks 

10 

0 

0 

Fossil Plant s of Halifax 

15 

0 

0 

Geological Map of Europe ... 

26 

0 

0 

Circulation ot Underground 
Waters 

15 

0 

0 



GENBKAL STATEMENT. XCVii 


£ 8. d. 

Tertiary Flora of North of 

Ireland 20 0 0 

British I’olyzoa 10 0 0 

Exploration of Caves of South 

of Ireland 10 0 0 

Exploration of Hay gill Fis- 
sure 20 0 0 

Naples Zoological Station ... 80 U 0 

Albuminoid Substances of 

Serum 10 0 0 

Elimination of Nitiogeii by 

Bodily Kx('re,is,o 50 0 0 

Migration of birds 15 0 0 

Natural llistoiy of Socotia . . 100 0 0 

Natural History of Timor-laut 100 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Anthropomctiic Committee... 50 0 0 


£11 20 1 11 


1883 


£ 8, d. 

Earthquake Phenomena of 


Japan 75 0 0 

Fossil Plants of Halifax 15 0 0 

F ossil Polyzoa 10 0 0 

Erratic Blocks of England .. 10 0 0 

Fossil Phyllopoda of Paheo- 

zoic Rocks 15 0 0 

Cii dilation of Underground 

Wateis 5 0 0 

International Geological Map 20 0 0 
Bibliogiajihy of Gioups of 

liivcitebiata 50 0 0 

Natuia] History of Tirnoi-laut 50 0 0 

Naples Zoological Station ... 80 0 0 

Ex[)lorali<)n of Mount Kili- 

ma-n]aro, East Africa 500 0 0 

Migiatiou of Birds 20 0 0 

Coagulation of Blood 100 0 0 

Zoological Literature Recoid JOO 0 0 
Antliropornetnc Committee... 10 0 0 


£1173 4 0 


Meteorological Obsei vations 

on Mon Nevis 50 0 0 

Isomeric Naphthalene Deii- 

vativcs 15 0 0 

Earthquake Phenomena of 

Japan 50 0 0 

Fossil Plants ot Halifax 20 0 0 

Biitish Fossil Polyzoa 10 0 0 

Fossil Phvllopod.i of l*al«co- 

zoic Rocks 25 0 0 

Erosion of Soa-eoast of Eng- 
land and Wales 10 0 0 

Circulation of Uiideigiourid 

Waters : 15 0 0 

ecological Record 50 0 0 

Exploiation of Ca\cs in South 

of Ireland 10 0 0 

Zoological Litem lure Record 100 0 0 

Migration of Jhids 20 0 0 

Zoological Station at Naples 80 0 0 

Scottish Zoological Station .. 25 0 0 

Elimination of Nitiogeii by 

Bodily Exercise o8 3 3 

Exploiation of Mount Kih- 

nia-njaio 500 0 0 

Investigation of Loughton 

Camp 10 0 0 

Natural llistoiy of Timoi-laut 50 0 0 

Screw Gauges 5 0 0 


£1083 3 3 


1884. 

Meteorological Observations 

on Ben Nevis 50 0 0 

Collecting and Investigating 

Meteoric Dust 20 0 0 

Meteorological Observatory at 

Chepstow 25 0 0 

Tidal Observations 10 0 0 

Ultra-Violet Spark Spectra ... 8 4 0 

1891. 


1885 

Synoptic Chart of Indian 


Ocean . 50 0 0 

Reduction ot Tidal 01)scr\a- 

tions 10 0 0 

Calculating Tables in Tlieory 

of Numbers 100 0 0 

Mctcoi ological Obsci vations 

on lien IS'cvis 50 0 0 

Meteoiic Dust 70 0 0 

Va])<)ur Pressures, &c., of Salt 

Solutions 25 0 0 

Physical Constants of Solu- 
tions 20 0 0 

Volcanic Phenomena of Vesu* 

vius 25 0 0 

Ra}gill Fissure 15 0 0 

Eart hquake Phenomoua of 

Japan 70 0 0 

P’ossil I’ll)- llopoda of Paheozoic 

Rocks 25 0 0 

Fossil Plants of Britisli Tei- 

ti«iry and Secondary Beds . 50 0 0 

Geological Recoid 50 0 0 

Cii dilation of Underground 

Wat CIS 10 0 0 

Naples Zoological Station ... 100 0 0 

Zoolog ic.d Liteiaturo Record. 100 0 0 

Migration of Birds 30 0 0 

Exploiation of Mount Kilima- 
njaro 25 0 0 

Recent Polyzoa 10 0 0 

Marine liiological Station at 

Grantoii 100 0 0 

Biological Stations on Coasts 

of United Kingdom 150 0 0 

Exploration of New Guinea... 200 0 0 

Exploration of Mount Roiaima 100 0 0 


£1385 0 0 

f 



xpviii REroRT 

£ s. d. 

1886. 

Electrical Standards 40 0 0 

Solar Radiation 1> 10 (5 

Tidal Obscivations HO 0 0 

Magnetic Observations 10 10 0 

Meteorological Observations 

on Ben Nevis 100 0 0 

Ph 3 ’sical and Chemical Bear- 
ings of Electrolysis 20 0 0 

Chemical Nomenclature 5 0 0 

Fossil ITants of Biitish Ter- 
tiary and Secondaiy Beds. . 20 0 0 

Exploration of Caves in North 

Wales 25 0 0 

Volcanic Phenomena ot Vesu- 
vius 20 0 0 

Oeological Recoid 100 0 0 

Fossil Phyllopoda ot Palieozoic 

Rocks 15 0 0 

Zoological Literature Record 100 0 0 

Marine Biological Station at 

Grant on 75 0 0 

Naples Zoological Station . 50 0 0 

Researches in Eood-Fishesand 

invertehrata at St. Andrews 75 0 0 

Migration of Buds 20 0 0 

Secretion of Urine 10 0 0 

Exploration of New Guin€‘a .. 150 0 0 

Regnlation of Wages under 

Sliding Scales ........ 10 0 0 

rrehistoric Race in Gieek 

Islands 20 0 0 

North-Western Tubes of Ca- 
nada .50 0 0 

£1)05 0 t) 

1887. 

Solar Radiation 18 10 0 

Electrolysib 20 0 0 

Ben Nevis Obscrvator\' . . 75 0 0 

♦Standards of Light (1880 

grant) 20 0 0 

Standards of Light (1887 

grant) 10 0 0 

Harmonic Analysis of Tidal 

Observations 15 0 0 

Magnetic Observations 20 2 0 

Electrical Standards 50 0 0 

Silent Discharge of Electiicity 20 0 0 

Absorption Spectra 40 0 0 

Nature of Solution 20 0 0 

Influence of Silicon on Steel 20 0 0 

Volcanic Phenomena of Vesu- 
vius ... 20 0 0 

Volcanic Phenomena of Japan 

(1880 grant) 50 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 60 0 0 

Exploration of Cae Gw^m 

Cave, North Wales 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Coal Plants of Halifax ?5 0 0 


• 1891 . 


£ », d. 

Microscopic Structure of the 

Rocks of Anglesey 10 0 0 

Exploration of the Eocene 

Beds of the Isle of Wight... 20 0 0^ 
Circulation of Underground 

Waters 5 0 0- 

‘ ]\Ianure ’ (J ravels of Wexford 10 0 0 
Provincial Museum Reports 5 0 0 

Investigation of Lymphatic 

System 25 0 0 

Naples Biological Station ... 100 0 t> 

Plymouth Biological Station 50 0 0 

Granton Biological Station ... 75 0 O 

Zoological Record 100 0 

Flora of China 75 0 0 

Flora and Fauna of the 

Camel oons 75 0 0 

Migiation of Birds 20 0 (> 

Bathy-h>psographical Maji of 

British Isles 7 6 0 

Regulation of Wages ... . 10 0 0 

Prehistoric Race of Greek 

Islands 20 0 0 

Racial Photographs, Egyptian 20 0 0 

£1186T8”^0 

1888. 

Ben Kc\is Observatory 150 0 0 

Electrical Standards 2 (5 4 

Magnetic Observations 15 0 O' 

Stundaids of lught 70 2 

Electrolysis 20 0 0 

Uniform Nomenclature in 

Mechanics 10 0 0 

Silent Dischaige ot Elec- 
tiicity 0 11 10 

Propel ties of Solutions . .. 25 0 0 

JnllucjK'e of Silicon on Steel 20 0 (> 

Methods of Teaching Chemis- 
try 10 0 0- 

Isoraeiic Naphthalene Dciiva- 

tives 25 0 0 

Action of Light on Hydracids 20 0 0 

Sea Beach near Bridlington... 20 0 O 

Geological Record 50 0 0 

Manure Giavels of Wexford... 10 0 O 

Erosion of Sea Coasts .. . 10 0 0 

Circulation of Underground 

Waters 5 0 0 

Palaeontographical Society ... 50 0 O 

ITiocene Fauna of St. Ertli... 50 0 O' 
Carbonifcious Flora of Lan- 

cashiic and West Yorkshire 25 0 0 
Volcanic Phenomena of Vesu- 
vius . 20 0 0 

Zoology and Botany of West 

Indies 100 0 0 

Flora of Bahamas 100 0 O' 

Development of Fishes — St. 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 O 



QENBRAL STATEMENT, 




£ 8. d. 

Naples Zoological Station ... 100 0 0 

Lymphatic System 25 0 0 

Biological Station at Granton 60 0 0 

Peracleniya Botanical Sta- 
tion 50 0 0 

Development of Teleostei ... 15 0 0 

Depth of Frozen Soil in Polar 

llegions 5 0 0 

Precious Metals in Circula- 
tion 20 0 0 

Value of Monetary Standard 10 0 0 

Effect of Occupations on Phy- 
sical Development 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric Pace m (Jreek 

Islands 20 0 0 


id 511 0 5 


1880. 


Ben Ne\is Obsci \aloiy 50 0 0 

Electrical Standaids 75 O 0 

Electrolysis 20 0 0 

Observations on SuifaceW«itcr 

Temperature 50 0 0 

Silent Dischaigc of Electricity 

on Oxygen 0 4 8 

Mctliods of teaching Chemis- 
try 10 0 0 

Action of Light on Hydiacids 10 0 0 

Geological llecoid 80 0 0 

Volcanic Phenomena oi Jaiian 25 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Fossil Phyllopoda of Palieo- 

zoic Rocks , 20 0 0 

Higlier Foceiic Beds of Isle of 

Wight 15 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 25 0 0 

Naples Zoological Station ... 100 0 0 

Physiology of Lymphatic 

Sj'stciii 25 0 0 

Expel irnents with a Tow-net 5 IG 5 

Natural History of Fiieiidly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range... 100 0 0 

Action of Waves and Curients 
in Estuaries by means of 

Working Models 100 0 0 

North-Western Tubes of Ca- 
nada 150 0 0 

Characteristics of Nomad 

Tribes of Asia Minor 50 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 

Bath ‘ Baths Committee ’ for 

further Researches 100 0 0 


£1417 0 11 


xcir 


£ 8. d. 

ISiK). 

Electrical Standards 12 17 0 

Electrolysis 6 0 0 

Electro-optics 60 0 0 

Calculating Mathematical 

Tables 25 0 0 

Volcanic and Seismological 

Phenomena of Japan 75 0 0 

Pcllian Equation Tables 15 0 0' 

Properties of Solutions 10 0 0 

International Standard for 
the Analysis of Iron and 

Steel 10 0 a 

Inlluencc of the Silent Dis- 
cliaige of Electricity on 

Oxygen 5 0 0 

Methods of teaching Chemis- 
try 10 0 0 

Recording Results of Water 

Analysis 4 1 0 

Oxidation of liydracids in 

Sunlight 15 0 0 

Volcanic Plienomena of Vesu- 
vius 20 0 0' 

Fossil Phyllopoda of the Pa* 

Imozoic Rocks 10 0 0 

Circulation of Undciground 

Waters 5 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0 0 

(Geological Photogiaphs ... . 7 14 11 

Lias Beds of Nortliampton- 

sliirc 25 0 0 

Botanical Station at Peiade- 

ni}a 25 0 0 

Experiments with a Tow’-net 4 3 9- 
Naples Zoological Station ... 100 0 0 
Zoology and Botany of the 

West India Islands 100 0 O' 

Marine Biological Association 30 0 0 

Action of Waves and Currents 

in Estuaries 150 0 0 

Graphic Methods m Mechani- 
cal Science 11 0 0 

Anthropometric Calculations 5 0 0' 

Nomad Tribes of Asia Minor 25 0 0 

Concspoiiding Societies .... 20 0 O 


£799 16 8 

1891. ^ 

Ben Nc\is Observatoiy 60 0 0 

Electiical Standards 100 0 O 

Electrolysis 5 0 0 

Seismological Phenomena of 

Japan 10 0 0 

A^ariations of Temperature m 

Lakes 20 0 0- 

Photographs of IMetcorological 

Phenomena 6 0 0 

Discharge of Elcctiicity from 

Points 10 0 0 

Ultra Violet Rays of Solar 

Spectrum 50 0 O 
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£ S. d. 

International Standard for 
the Analysis of Iron and 


Steel 10 0 0 

Isomeric Naphthalene Deiiva- 

tives 25 0 0 

Formation of Haloids 25 0 0 

Action of Jjight on Dyes 17 10 0 

Geolopfical Itecord 100 0 0 

Volcanic riienomenaof Vesu- 
vius 10 0 0 

Fossil riiyllopoc la 10 0 0 

rhotogiaphs of Geological 

Interest 1) 5 0 

Lias Beds of Northampton- 
shire 25 0 0 

Registration of Type-Speci- 
mens of British Fossils 5 5 0 

Investigation of Klbolton 
Cave 25 0 0 


£ s. d. 

Botanical Station at Pera- 


deniya 50 0 0 

Experiments with a Tow-Net 40 0 0 
Alarine Biological Association 

at Plymouth 12 10 0 

Disappearance of Native 

Plants 6 0 0 

Action of Waves andCuircnts 

in Estuaries 125 0 0 

Anthropometric Calculations 10 0 0 
New Edition of ‘ Anthroxio- 

logical Notes and Queries ’ 50 0 0 
Noith - Western Tribes of 

Canada 200 0 0 

Corresponding Societies 25 0 0 


£1,029 10 0 


General Meetings, 

On Wednesday, August '10, at 8 p.m., in the Park Hall, Sir 
Frederick Abel, C.B., D.C.L, D.Sc., F R.S., V.P.C S., resigned the 
office of President to Dr. W. Huggins, F.R.S., Hon. F.R.S.E., F.R A.S., 
who took the Chair, and delivered an Address, for which see page 1. 

On Thursday, August 20, at 8 P.M., a Soiree took place in the 
Park Hall. 

On Friday, August 21, at 8.80 p.m., in tho Park Hall, Professor L. C. 
Miall, F.L S., F.G.S., delivered a discourse on ‘ Some difficulties in the 
life of Aquatic Insects.’ 

On Monday, August 21, at 8.30 p.m., in the Park Hall, Professor A. 
W. Riicker, M.A., F.R.S., delivered a discourse on ‘ Electrical Stress.’ 

On Tuesday, August 25, at 8 p.m., a Soireo took place in tho Park 
Hall. 

On Wednesday, August 26, at 2.30 p.m., in tho Dumfries Proprietary 
School, the concluding General Meeting took place, when tho Proceedings 
of the General Committee and the Grants of Money for Scientific Purposes 
were explained to the Members. 

The Meeting was then adjourned to Edinburgh. [The Meeting is 
appointed to commence on Wednesday, August 3, 1892.] 



PBESIDENT’S ADEBBSS. 


1891. 




ADDRESS 


BY 

WILLIAM HUGGINS, ESQ. 

D.C.L. (Oxon.), LL.D. (Cantab., Edin., et DubL), Ph.D. (Lugd. Bat.), 
F.R.S., F.R.A.S., Hon. P.R.S.B., &c., Correspondant 
de rinstitnt de France, 

PRESIDENT. 


It is now many years since tliis Association has done honour to the 
science of Astronomy in the selection of its President. 

Since Sir George Airy occupied the chair in 1861, and the late Lord 
Wrottesley nine years later in 1860, other sciences have been represented 
by the distinguished men who have presided over your meetings. 

The very remarkable discoveries in our knowledge of the heavens 
which have taken place during this period of thirty years — one of amazing 
and ever-increasing activity in all branches of science — have not passed 
unnoticed in the addresses of your successive Presidents ; still it seems to 
me fitting that I should speak to you to-night chiefly of those newer 
methods of astronomical research which have led to those discoveries,[[and 
which have become possible by the introduction since 1860 into' the 
observatory of the spectroscope and the modern photographic plate. 

In 1866 I had the honour of bringing before this Association, at one 
of the evening lectures, an account of the first-fruits of the novel and 
unexpected advances in our knowledge of the celestial bodies which fol- 
lowed rapidly upon KirchhofF’s original work on the solar spectrum and 
the interpretation of its lines. 

Since that time a great liarvest has been gathered in the same field 
by many reapers. Spectroscopic astronomy has become a distinct and 
acknowledged branch of the science, possessing a largo literature of its 
own and observatories specially devoted to it. The more recent discovery 
of the gelatine dry plate has given a further great impetus to this modem 
side of astronomy, and has opened a pathway into the unknown of which 
even an enthusiast thirty years ago would scarcely have dared to dream. 
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In no science, perhaps, does the sober statement of the results which 
have been achieved appeal so strongly to the imagination, and make so 
evident the almost boundless powers of the mind of man By means of 
its light alone to analyse the chemical nature of a far distant body ; to be 
able to reason about its present state in relation to the past and future ; 
to measure within an English mile or less per second the otherwise in- 
visible motion which it may have towards or from us ; to do more, to 
make even that which is darkness to our eyes light, and from vibrations 
which our organs of sight are powerless to perceive to evolve a revelation 
in which we see mirrored some of the stages through which the stars 
may pass in their slow evolutional progress -surely the record of such 
achievements, however poor the form of words in which they may be 
described, is worthy to bo regarded as the scientific epic of the present 
century. 

I do not purpose to attempt a survey of the jirogress of spectroscopic 
astronomy from its birth at Heidelberg in 1859, but to point out what wo 
do know at present, as distinguished Irom what we do not know, of a few 
only of its more important problems, giving a prominent place, in 
accordance with the traditions of this chair, to tlu' work of the last 
year or two. 

In the spectroscope itself advances have been made by Lord Rayleigh 
by bis discussion of the theory of the instrument, and by Prolessor Row- 
land in the construction of concave gratings. 

Lord Rayleigh has shown that there is not the necessary connection, 
sometimes supposed, between dispersion and resolving powi^r, as besides 
tbe prism or grating other details of construction and of adjustment of a 
spectroscope must be taken into account. 

The resolving power of the prismatic spectroscope is proportional to 
the length of path in the dispersive medium. For the heavy fiiiit glass used 
in Lord Rayleigh’s experiments the thickness necessary to resolve the 
sodium lines came out 1 02 cm. If this be taken ns a unit, the resolving 
power of a prism of similar glass will be in the neigliboui luiod of the sodium 
lines equal to the number of centimetres of its thickness. In other parts 
of the spectrum the resolving power will vary inversely as the third 
power of the wave-length, so that it will bo eight tiunvs as great in the 
violet as in the red. The resolving power of a spectroscope is therefore 
proportional to the total thickness of the dispersive material in use, 
irrespective of the number, the angles, or the setting of the separate 
prisms into which, for the sake of convenience, it may be distributed. 

The resolving power of a grating depends upon the total number of 
lines on its surface, and the order of spectrum in use ; about 1,000 lines 
being necessary to resolve the sodium lines in the fii st spectrum, 

4.8 it. is often of importance in the record of observations to state the 
efficiency of tbe spectroscope with which they weri? made, Professor 
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Schuster has proposed the use of a unit of purity as well as of resolving 
power, for the full resolving power of a spectroscope is realised in practice 
only when a sufficiently narrow slit is used. The unit of purity also is 
to stand for the separation of two lines differing by one-thousandth of their 
own wave-length ; about the separation of the sodium pair at D. 

A farther limitation may come in from the physiological fact that, as 
Lord Rayleigh has pointed out, the eye when its full aperture is used is 
not a perfect instrument. If we wish to realise the full resolving power 
of a spectroscope, therefore, the emergent beam must not be larger than 
about one-third of the opening of the pupil. 

Up to the present time the standard of reference for nearly all spec- 
troscopic work continues to be Angstrom’s map of the solar spectrum, 
and his scale based upon his original determinations of absolute wave- 
length. It is well known, as was pointed out by Thalen in his work on 
the spectrum of iron in 1884, that Angstrom’s figures are slightly too 
small, in consequence of an error existing in a standard metre used by 
him. The corrections for this have been introduced into the tables of 
the wave-lengths of terrestrial spectra eollected and revised by a Com- 
mittee of this Association from 1H85 to 1887. Last year the Committee 
added a table of corrections to Rowland’s scale. 

The inconvenience caused by a cliange of standard scale is, for a time 
at least, considerable ; but there is little doubt that in the near future 
Rowland’s photographic map of the solar spectrum, and his scale based 
on the determinations of absolute wave-length by Pierce and Boll, or 
the Potsdam scale based on original determinations by Muller and 
Kempf, which difiers very slightly from it, will come to be exclusively 
adopted. 

The great accuracy of Rowland’s photographic map is due chiefly to 
the introduction by him of concave gratings, and of a method for their 
use, by which the probhun of the determination of relative wave-lengths 
is simplified to measures of near coincidences of the lines in different 
spectra by a micrometer. 

The concave grating and its peculiar mounting, in which no lenses or 
telescope are needed, and in which all the spectra arc in focus togethtn*, 
formed a new departure of great importance in the measurement of 
spectral lines. The valuable method of photographic sensitizers for 
different parts of the sjiectrum has enabled Professor Rowland to include 
in his map the whole visible solar spectrum, as well as the ultra-violet 
portion as far as it can get through onr atmosphere. Some recent photo- 
graphs of the solar spectrum, which include A, by Mr. George Higgs, 
are of great technical beauty. 

During the past year the results of three independent researches have 
appeared, in which the special object of the observers has been to distin- 
guish the lines which are due to onr atmosphere from those which are 
truly solar — the maps of M. Tholloii, which, owing to his lamented death 
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just before tbeir final completion, bave assumed the character of a memo- 
rial of him ; maps by Dr. Becker ; and sets of photographs of a high and 
a low sun by Mr. McClean. 

At the meeting of this Association in Bath, M. Janssen gave an 
account of his own researches on the terrestrial lines of the solar spec- 
trum, which owe their origin to the oxygen of our atmosphere. He 
discovered the remarkable fact that while the intensity of one class of 
bands varies as the density of the gas, other diffuse bands var}^ as the 
square of the density. These observations are in accordance with the 
work of Egorofi* and of Olszewski, and of Liveing and Dewar on condensed 
oxygen. In some recent experiments Olszewski, with a layer of liquid 
oxygen thirty millimetres thick, saw, as well as four other bands, the 
band coincident with Fraunhofer’s A ; a remarkable instance of the 
persistence of absorption through a great range of temperature. The 
light which passed through the liquid oxygen had a light blue colour 
resembling that of the sky. 

Of not less interest are the experiments of Knut Angstrom, which 
show that the carbonic acid and aqueous vapour of the atmosphere reveal 
their presence by dark bands in the invisible infra-red region, at the 
positions of bands of emission of these substances. 

It is now some thirty years since the spectroscope gave us for the 
first time certain knowledge of the nature of the heavenly bodies, and 
revealed the fundamental fact that terrestrial matter is not peculiar to 
the solar system, but is common to all the stars which are visible 
to us. 

In the case of a star such as Capella, which has a spectrum almost 
identical with that of the sun, we feel justified in concluding that the 
matter of which it is built up is similar, and that its temperature is also 
high, and not very different from the solar temperature. The task of 
analysing tlie stars and nebulm becomes, however, one of very great diffi- 
culty when we have to do with spectra differing from the solar type. 
We are thrown back upon the laboratory for the information necessary 
to enable us to interpret the indications of the spectroscope as to the 
chemical nature, the density and pressure, and the temperature of the 
celestial masses. 

What the spectroscope immediately reveals to us are the waves which 
were set up in the ether filling all interstellar space, years or hundreds 
of years ago, by the motions of the molecules of the celestial substances. 
As a rule it is only when a body is gaseous and sufficiently hot that the 
motions within its molecules can produce bright lines and a corresponding 
absorption. The spectra of the heavenly bodies are indeed to a great 
extent absorption spectra, but we have usually to study them through 
the corresponding emission spectra of bodies brought into the gaseous 
form and rendered luminous by means of flames or of electric dis- 
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Charges. In bot^i caseS) unfortunately, as has been shown recently by 
Professors Liveing and Dewar, Wiillner, E. Wiedemann, and others, 
there appears to be no certain direct relation between the luminous 
radiation as shown in the spectroscope and the temperature of the 
flame, or of tho gaseous contents of the vacuum tube, that is, in the 
usual sense of the term as applied to the mean motion of all the 
molecules. In both cases, the vibratory motions within the molecules 
to which their luminosity is due are almost always much greater than 
would be produced by encounters of molecules having motions of transla- 
tion no greater than the average motions which characterise the tempera- 
ture of the gases as a whole. The temperature of a vacuum tube through 
which an electric discharge is taking place may be low, as shown thermo- 
metrically, quite apart from the consideration of the extreme smallness 
of the mass of gas, but the vibrations of the luminous molecules must be 
violent in whatever way we suppose them to be set up by the discharge ; 
if we take Schuster’s view that comparatively few molecules are carrying 
the discharge, and that it is to the fierce encounters of these alone that 
the luminosity is due, then if all the molecules had similar motions, the 
temperature of the gas would be very high. 

So in flames where chemical changes are in progress, the vibratory 
motions of the molecules which are luminous may be, in connection with 
the energy set free in these changes, very different from tliose correspond- 
ing to the mean temperature of the flame. 

Under the ordinary conditions of terrestrial experiments, therefore, 
the temperature or tho mean vis viva of the molecules may have no direct 
relation to the total radiation, which, on the other hand, is the sum of the 
radiation due to each luminous molecule. 

These phenomena have recently been discussed by Ebert from the 
standpoint of the electro-magnetic theory of light. 

Very great caution is therefore called for when we attempt to reason 
by the aid of laboratory experiments to the temperature of the heavenly 
bodies from their radiation, especially on the reasonable assumption that 
in them the luminosity is not ordinarily associated with chemical changes 
or with electrical discharges, but is due to a simple glowing from the 
ultimate conversion into molecular motion of the gravitational energy of 
shrinkage. 

In a recent paper Stas maintains that electric spectra are to be re- 
garded as distinct from flame spectra, and, from researches of his own, 
that the pairs of lines of the sodium spectrum other than D are produced 
only by disruptive electric discharges. As these pairs of lines are found 
reversed in the solar spectrum, he concludes that the sun’s radiation is 
due mainly to electric discharges. But Wolf and Diacon, and later, Watts, 
observed the other pairs of lines of the sodium spectrum when the vapour 
was raised above the ordinary temperature of the Bunsen flame. Recently, 
Liveing and Dewar saw easily, besides D the citron and green pairs and 
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sometimes the blue pair and the orange pair, when hydrogen charged 
with sodium vapour was burning at different pressures in oxygen. In 
the case of sodium vapour, therefore, and presumably in all other vapours 
and gases, it is a matter of indifference whether the necessary vibratory 
motion of the molecules is produced by electric discharges or by flames. 
The presence of lines in the solar spectrum which we can only produce 
electrically is an indication, however, as Stas points out, of the high 
temperature of the sun. 

We must not forget that the light from the heavenly bodies may 
consist of the combined radiations of different layers of gas at different 
temperatures, and possibly be further complicated to an unknown extent 
by the absorption of cooler portions of gas outside. 

Not less caution is needed if we endeavour to argue from the 
broadening of lines and the coming in of a continuous spectrum as 
to the relative pressure of the gas in the celestial atmospheres. On 
the one hand, it cannot be gainsaid that in the laboratory the widening 
of the lines in a Pliicker’s tube follows upon increasing the density of the 
residue of hydrogen in the tube, when the vibrations are more frequently 
disturbed by fresh encounters ; and that a broadening of the sodium lines 
in a flame at ordinary pressure is produced by an increase of the quantity 
of sodium in the flame ; but it is doubtful if pressure, as distinguished 
from quantity, does produce an increase of the breadth of the lines. An 
individual molecule of sodium will be sensibly in the same condition, 
considering the relatively enormous number of the molecules of the other 
gases, whether the flame is scantily or copiously fed with the sodium salt. 
With a small quantity of sodium vapour the intensity will bo feeble 
except near the maximum of the lines ; when, however, the quantity is 
increased the comparative transparency on the sides of the maximum 
will allow the light from the additional molecules met with in the path 
of the visual ray to strengthen the radiation of the molecules farther 
back, and so increase the breadth of the lines. 

In a gaseous mixture it is found, as a rule, that at the same pressure 
or temperature, as the encounters with similar molecules become fewer, 
the spectral lines will be affected as if the body were observed under 
conditions of reduced quantity or temperature. 

In their recent investigation of the spectroscopic behaviour of flames 
under various pressures up to forty atmospheres. Professors Liveing and 
Dewar have come to the conclusion that though the prominent feature of 
the light emitted by flames at high pressure appears to be a strong con- 
tinuous spectrum, there is not the slightest indication that this continu- 
ous spectrum is produced by the broadening of the lines of the same 
gases at low pressure. On the contrary, photometric observations of the 
brightness of the continuous spectrum, as the pressure is varied, show 
that it is mainly produced by the mutual action of the molecules of a gas. 
Experiments on the sodium spectrum were carried up to a pressure of 
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forty atmospheres without producing any definite effect on the width of 
the lines which could be ascribed to the pressure. In a similar way the 
lines of the spectrum of water showed no signs of expansion up to twelve 
atmospheres ; though more intense than at ordinary pressure, they 
remained narrow and clearly defined. ^ 

It follows, therefore, that a continuous spectrum cannot be considered, 
when taken alone, as a sure indication of matter in the liquid or the solid 
state. I^ot only, as in the experiments already mentioned, such a 
spectrum may be due to gas when under pressure, but, as Maxwell 
pointed out, if the thickness of a medium, such as sodium vapour, which 
radiates and absorbs different kinds of light, be very great, and the 
temperature high, the light emitted will be of exactly the same composi- 
tion as that emitted by lamp-black at the same temperature, for the 
radiations which are feebly emitted will be also feebly absorbed, and can 
reach the surface from immense depths. Schuster has shown that 
oxygen, even in a partially exhausted tube, can give a continuous spec- 
trum when excited by a feeble electric discharge. 

Compound bodies are usually distinguished by a banded spectrum ; 
but on the other hand such a spectrum does not necessarily show the 
presence of compounds, that is, of molecules containing different kinds 
of atoms, but simply of a more complex molecule, which may be made 
up of similar atoms, and be therefore an allotropic condition of the same 
body. In some cases, for example, in the diffusa bands of the absorption 
spectrum of oxygen, the bands may have an intensity proportional to the 
sqnarc of the density of the gas, and may be duo either to the formation 
of more complex molecules of the gas with increase of jiressure, or it may 
be to the constraint to which the molecules arc subject daring their 
encounters with one another. 

It may be thought that at least in the coincidences of bright lines wo 
are on the solid ground of certainty, since the length of the waves set u[) 
in the ether by a molecule, say of hydrogen, is the most fixed and abso- 
lutely permanent quantity in nature, and is so of jihysical necessity, for 
with any alteration the molecule would cease to bo hydrogen. 

Such would bo the case if the coincidence were certain ; but an 
absolute coincidence can be only a matter of greater or less probability, 
depending on the resolving power employed, on the number of the lines 
which correspond and on their characters. When the coincidences are 
very numerous, as in the case of iron and the solar spoctruni, or the linos 
are characteristically grouped, as in the case of hydrogen and the solar 
spectrum, wo may regard the coincidence as certain ; but the progress of 
science has been greatly retarded by resting important conclusions upon 
the apparent coincidence of single lines, in spectroscopes of very small 
resolving power. In such cases, unless other reasons supporting the 
coincidence arc present, the probability of a real coincidence is almost 
too small to bo of any importance, especially in the case of a heavenly 
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body whicb may have a motion of approach or of recession of unknown 
umount. 

But even here we are met by the confusion introduced by multiple 
spectra, corresponding to different molecular groupings of the same 
substance ; and, further, to the influence of substances in vapour upon 
each other ; for when several gases are present together, the phenomena 
•of radiation and reversal by absorption are by no means the same as if 
the gases were free from each other’s influence, and especially is this the 
case when they are illuminated by an electric discharge. 

I have said as much as time will permit, and I think indeed sufficient, 
to show that it is only by the laborious and slow process of most 
cautious observation that the foundations of the science of celestial 
physics can be surely laid. We are at present in a time of transition 
when the earlier, and, in the nature of things, less precise observations 
are giving place to work of an order of accuracy much greater than was 
formerly considered attainable with objects of such small brightness as 
the stars. 

The accuracy of the earlier determinations of the spectra of the 
terrestrial elements is in most cases insufficient for modern work on the 
stars as well as on the sun. They fall much below the scale adopted in 
Rowland’s map of the sun, as well as below the degree of accuracy attained 
at Potsdam by photography in a part of the spectrum for the brighter stars. 
Increase of resolving power very frequently breaks up into groups, in the 
spectra of the sun and stars, the lines which had been regarded as single, 
and their supposed coincidences with terrestrial lines fall to the ground. 
For this reason many of the early conclusions, based on observations as 
good as it was possible to make at the time with the less powerful spec- 
troscopes then in use, may not be found to be maintained under the 
much greater resolving power of modern instruments. 

The spectroscope lias failed as yet to interpret for us the remarkable 
spectrum of the Aurora Borealis. Undoubtedly in this phenomenon 
portions of our atmosphere are lighted up by electric discharges ; we 
should expect, therefore, to recognise the spectra of the gases known to 
be present in it. As yet we have not been able to obtain similar spectra 
from these gases artificially, and especially we do not know the origin of 
the principal line in the green, which often appears alone, and may have 
therefore an origin independent of that of the other lines. Recently the 
suggestion has been made that the Aurora is a phenomenon produced by 
the dust of meteors and falling stars, and that near positions of certain 
auroral lines to lines or flutingsof manganese, lead, barium, thallium, iron, 
are sufficient to justify us in regarding meteoric dust in the atmosphere 
as the origin of the auroral spectrum. Liveing and Dewar have made a 
■conclusive research on this point, by availing themselves of the dust of 
-excessive minuteness thrown ofi* from the surface of electrodes of various 
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metals and meteorites by a disruptive discharge, and carried forward into 
the tube of observation by a more or less rapid current of air or other gas. 
These experiments prove that metallic dust, however fine, suspended in a 
gas will not act like gaseous matter in becoming luminous with its cha- 
racteristic spectrum in an electric discharge, similar to that of the Aurora. 
Professor Schuster has suggested that the principal line may be due to 
some very light gas which is present in too small a proportion to be 
detected by chemical analysis or even by the spectroscope in the presence 
•of the other gases near the earth, but which at the height of the auroral 
•discharges is in a sufficiently greater relative proportion to give a spectrum. 
Lemstrom, indeed, states that he saw this line in the silent discharge of 
a Holtz machine on a mountain in Lapland. The lines may not have 
been obtained in our laboratories from the atmospheric gases, on account 
of the difficulty of reproducing m tubes with sufficient nearness the 
conditions under which the auroral discharges take place. 

In the spectra of comets the spectroscope has shown the presence of 
carbon presumably in combination with hydrogen, and also sometimes 
with nitrogen ; and in the case of comets approaching very near the sun, 
the lines of sodium, and other lines which have been supposed to belong 
to iron. Though the researches of Professor H. A. Newton and of 
Professor Schiaparelli leave no doubt of the close connection of comets 
with corresponding periodic meteor swarms, and therefore of the probable 
identity of cometary matter with that of meteorites, with which the 
spectroscopic evidence agrees, it would be perhaps unwise at present to 
attempt to define too precisely the exact condition of the matter which 
forms the nucleus of the comet. In any case the part of the light of 
the comet which is not reflected solar light can scarcely be attributed 
to a high temperature produced by the clashing of separate meteoric 
stones sot up within the nucleus by the sun’s disturbing force. We must 
look rather to disruptive electric discharges produced probably by pro- 
cesses of evaporation due to increased solar heat, which would be amply 
sufficient to set free portions of the occluded gases into the vacuum of 
space. May it be tliat these discharges are assisted, and indeed possibly 
increased, by the recently discovered action of the ultra-violet part of the 
sun’s light ? Hertz has shown that ultra-violet light can produce a dis- 
charge from a negatively electrified piece of metal, while Hallwachs and 
Kighi have shown further that ultra-violet light can even charge posi- 
tively an unelectrified piece of metal ; phenomena which Lenard and 
Wolf associate with the disengagement from the metallic surfaces of very 
minute particles. Similar actions on cometary matter, unscreened as it is 
by an absorptive atmosphere, at least of any noticeable extent, may well 
be powerful when a comet approaches the sun, and help to explain an 
•electrified condition of the evaporated matter which would possibly bring 
it under the sun’s repulsive action. We shall have to return to this 
point in speaking of the solar corona. 
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A very great advance has been made in our knowledge of the consti- 
tution of the sun by the recent work at the Johns Hopkins University 
by means of photography and concave gratings, in comparing the solar- 
spectrum, under great resolving power, directly with the spectra of 
the terrestrial elements. Professor Rowland has shown that the lines 
of thirty-six terrestrial elements at least are certainly present in the solar 
spectrum, while eight others are doubtful. Fifteen elements, including 
nitrogen as it shows itself under an electric discharge in a vacuum tube, 
have not been found in the solar spectrum. Some ten other elements, 
inclusive of oxygen, have not yet been compared with the sun’s spectrum. 

Rowland remarks that of the fifteen elements named as not found in 
the sun, many are so classed because they have few strong lines, or none 
at all, in the limit of the solar spectrum as compared by him with the arc. 
Boron has only two strong lines. The lines of bismuth are compound 
and too diffuse. Therefore even in the case of these fifteen elements 
there is little evidence that they are really absent from the sun. 

It follows that if the whole earth were heated to the iemperaturo of 
the sun, its spectrum would resemble very closely the solar spectrum. 

Rowland has not found any lines common to several elements, and in 
the case of some accidental coincidences, more accurate investigation 
reveals some slight ditference of wave-length or a common impurity. 
Further, the relative sirength of the lines in the solar spectrum is gene- 
rally, with a fevv exceptions, the same as that in the electric arc, so that 
Rowland considers that his experiments show ‘ very little evidence ’ of 
tho breaking up of the terrestrial ehunents in the sun. 

Stas in a recent paper gives the final results of eleven years of research 
on the chemical elements in a state of {uirity, and on the possibility of 
decomposing tliem by the physical and chemical Ibrces at our disposal. 
His experiments on calcium, strontium, lithium, magnesium, silver, sodium 
and thallium, show that these substances retain their individuality under 
all conditions, and are unalterable l)y any forces that we can bring to bear 
upon them. 

Professor Rowland looks to tho solar lines which are unaccounted 
for as a means of enabling him to discover such new terrestrial ele- 
ments as still lurk in rare minerals and earths, by confronting their 
spectra directly with that of the sun. He has alreFidy resolved yttrium 
spectroscopically into three components, and actually into two. The 
comparison of the results of this independent analytical method with the 
remarkable but different conclusions to which M. Lecoq do Boisbaudran 
and Mr. Crookes have been led respectively, from spectroscopic observa- 
tion of these bodies when glowing under molecular bombardment in a 
vacuum tube, will be awaited with much interest. It is worthy of remark 
that as our knowledge of tho spectrum of liydrogen in its complete form 
came to us from the stars, it is now from the sun that chemistry is pro- 
bably ah( lit to be enriched by the discovery of now element^. 
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In a discussion in the Bakerian lecture for 1885 of what we knew up 
to that time of the sun’s corona, I was led to the conclusion that the 
oorona is essentially a phenomenon similar in the cause of its formation 
to the tails of comets, namely, that it consists for the most part probably 
of matter going from the sun under the action of a force, possibly electrical, 
which varies as the surface, and can therefore in the case of highly 
attenuated matter easily master the force of gravity even near the sun. 
Though many of the coronal particles may return to the sun, those which 
form the long rays or streamers do not return ; they separate and soon 
become too diffused to be any longer visible, and may well go to furnish 
the matter of the zodiacal light, which otherwise has not received a satis- 
factory explanation. And farther, if such a force exist at the sun, the 
<ihanges of terrestrial magnetism may be due to direct electric action, 
as the earth moves through lines of inductive force. 

These conclusions appear to be in accordance broadly with the lines 
along which thouglit has been directed by the results of subsequent 
oclipscs. Professor Schuster takes an essentially similar view, and 
suggests that there may be a direct electric connection between the sun 
and the planets. He asks further whether the sun may not act like a 
magnet in conse(jucnce of its revolution about its axis. Professor Bigelow 
has recently treated the coronal forms by the theory of spherical har- 
monics, on the supposition that we sec phenomena similar to those of free 
electricity, the rays being lines of force, and the coronal matter discharged 
from the sun, or at least arranged or controlled by these forces. At the 
'extremities of the streams for some reasons the repulsive power may bo 
lost, and gravitation set in, bringing the matter back to the sun. The 
matter which does leave the sun is persistently transported to the equa- 
torial plane of the corona ; in fact, the zodiacal light may be the accumu- 
lation at great distances from the sun along this equator of such like 
material. Photographs on a larger scale will bo desirable for the full 
development of the conclusions which may follow from this study of the 
'Curved forms of the coronal structure. Professor Schaeberle, however, 
-considers that the coronal phenomena may bo satisfactorily accounted for 
on the supposition that the corona is formed of streams of matter ejected 
mainly from the spot zones with great initial velocities, but smaller than 
.^382 miles a second. Further that the different types of the corona are 
due to the effects of perspective on the streams from the earth’s place at 
the time relatively to the plane of the solar equator. 

Of the physical and the chemical nature of the coronal matter we know 
very little. Schuster concludes, from an examination of the eclipses of 
1882, 1883, and 1886, that the continuous spectrum of the corona has the 
maximum of actinic intensity displaced considerably towards the red when 
compared with the spectrum of the sun, which shows that it can only be 
due in small part to solar light scattered by small particles. The lines of 
calcium and of hydrogen do not appear to form part of the normal spectrum 
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of the corona. The green coronal line has no known representative in> 
terrestrial substances, nor has Schuster been able to recognise anj of our 
elements in the other lines of the corona. 

The spectra of the stars are almost infinitely diversified, yet they can 
be arranged with some exceptions in a series in which the adjacent 
spectra, especially in the photographic region, are scarcely distinguish- 
able, passing from the bluish-white stars like Sirius, through stars more 
or less solar in character, to stars with banded spectra, which divide- 
themselves into two apparently independent groups, according as the* 
stronger edge of the bands is towards the red or the blue. In such an 
arrangement the sun’s place is towards the middle of the series. 

At present a difference of opinion exists as to the direction in the series- 
in which evolution is proceeding, whether by further condensation white 
stars pass into the orange and red stages, or whether these more coloured 
stars are younger and will become white by increasing age. The latter- 
view was suggested by Johnstone Stoney in 1867. 

About ten years ago Ritter, in a series of papers, discussed the behaviour 
of gaseous masses during condensation, and the probable resulting con- 
stitution of the heavenly bodies. According to him, a star passes through 
the orange and red stages twice, first during a comparatively short 
period of increasing temperature which culminates in the white stage, and 
a second time during a more prolonged stage of gradual cooling. He 
suggested that the two groups of banded stars may correspond to these 
different periods : the young stars being those in which the stronger 
edge of the dark band is towards the blue, the other banded stars, which 
are relatively less luminous and few in number, being those which are 
approaching extinction through ago. 

Recently a similar evolutional order has been suggested, which is based 
upon the hypothesis that the nebula) and stars consist of colliding meteoric 
stones in different stages of condensation. 

More recently the view has been put forward that the diversified 
spectra of the stars do not represent the stages of an evolutional progress, 
but are due for the most part to differences of original constitution. 

The few minutes which can be given to this part of the address are 
insufficient for a discussion of these different views. I purpose, therefore, 
to state briefly, and with reserve as the subject is obscure, some of the 
considerations from the characters of their spectra which appeared to me to 
be in favour of the evolutional order in which I arranged the stars from 
their photographic spectra in 1879. This order is essentially the same 
as Vogel had previously proposed in his classification of the stars in 
1874, in which the white stars, which are most numerous, represent the 
early adult and most persistent stage of stellar life, the solar condition 
that of full maturity and of commencing age ; while in the orange and red 
stars with banded spectra we see the setting in and advance of old age. 
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But this statement must be taken broadly, and not as asserting that all 
stars, however different in mass and possibly to some small extent in 
original constitution, exhibit one invariable succession of spectra. 

In the spectra of the white stars the dark metallic lines are relatively 
inconspicuous, and occasionally absent, at the same time that the dark 
lines of hydrogen are usually strong, and more or loss broad, upon a con- 
tinuous spectrum, which is remarkable for its brilliancy at the blue end. 
In some of these stos the hydrogen and some other lines are bright, 
and sometimes variable. 

As the greater or less prominence of the hydrogen lines, dark or 
bright, is characteristic of the white stars as a class, and diminishea 
gradually with tlie incoming and increase in strength of the other lines, 
we are probably justified in regarding it as duo to some conditions 
which occur naturally during the progress of stellar life, and not to 
a peculiarity of original constitution. 

To produce a strong absorption-spectrum a substance must be at the 
particular temperature at which it is notably absorptive ; and, further, 
this temperature must be sufficiently below that of the region behind 
from which the light comes for the gas to appear, so far as its special 
rays are concerned, as darkness upon it. Considering the high tem- 
perature to which hydrogen must be raised before it can show its 
characteristic emission and absorption, we shall probably be right in 
attributing the relative feebleness or absence of the other lines, not to the 
paucity of the metallic vapours, but rather to their being so hot relatively 
to the substances behind them as to show feebly, if at all, by reversion. 
Such a state of things would more probably be found, it seems to mo, in 
conditions anterior to the solar stage. A considerable cooling of the sun 
would probably give rise to banded spectra due to compounds, or to more 
complex molecules, which might form near the condensing points of the 
vapours. 

The sun and stars are generally regarded as consisting of glowing 
vapours surrounded by a photosphere where condensation is taking place, 
the temperature of the photospheric layer from which the greater part of the 
radiation comes being constantly renewed from the hotter matter within. 

At the surface the convection currents would be strong, producing 
a considerable commotion, by which the different gases would be mixed 
and not allowed to retain the inequality of proportions at different levels 
due to their vapour densities. 

Now the conditions of the radiating photosphere and those of the 
gases above it, on which the character of the spectrum of a star depends, 
will be determined, not alone by temperature, but also by the force of 
gravity in these regions ; this force will be fixed by the star’s mass and 
its stage of condensation, and will become greater as the star continues 
to condense. 

In the case of the sun the force of gravity has already become so 
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great at the surface that the decrease of the density of the gases must be 
extremely rapid passing in the space of a few miles, from atmospheric 
pressure to a density infinitesimally small ; consequently the temperature- 
gradient at the surface, if determined solely by expansion, must be ex- 
tremely rapid. The gases here, however, are exposed to the fierce 
radiation of the sun, and unless wholly transparent would take up heat, 
especially if any solid or liquid particles were present from condensation 
or convection currents. 

From these causes, within a very small extent of space at the surface 
of the sun, all bodies with which we are acquainted should fall to a con- 
dition in which the extremely tenuous gas could no longer give a visible 
spectrum. The insignificance of the angle subtended by this space as 
seen from the earth should cause the boundary of the solar atmosphere to 
appear defined. If the boundary which we see be that of the sun proper, 
the matter above it will have to be regarded as in an essentially dynamical 
condition — an assemblage, so to speak, of gaseous projectiles for the most 
part falling back upon the sun after a greater or less range of flight. 
But in any case it is within a space of relatively small extent in the snti 
and probably in the other solar stars, that the reversion which is mani- 
fested by dark lines is to be regarded as taking place. 

Passing backward in the star’s life, we should find a gradual weak- 
ening of gravity at the surface, a reduction of the temperature-gradient 
so far as it was detenniued by expansion, and convection currents of less 
violence producing less interference with the proportional quantities of 
gases due to their vapour densities, while the effects of ei'uptions would 
be more extensive. 

At last wo might come to a state of things in wliich, if the star were 
hot enough, only hydrogen might bo sufficiently cool relatively to the 
radiation beliind to produce a strong absorption. The lower vapours 
would he protected, and might continue to be relatively too hot for their 
lines to appear very dark upon the continuous spectrum ; besides, their 
lines might be possibly to some extent effaced by the coming in under 
such conditions in the vapours themselves of a continuous spectrum. 

In such a star the light radiated towards the upper part of the atmo- 
sphere may have come from portions lower down of the atmosphere itself, 
or at least from parts not greatly hotter. There may be no such great 
diffeience of temperature of the low and less low portions of the star’s 
atmosphere as to make the darkening effect of absorption of the protected 
metallic vapours to prevail over the illuminating effect of their emission. 

It is only by a vibratory motion corresponding to a very high tem- 
perature that the bright lines of the first spectrum of hydrogen can be 
brought out, and by the equivalence of absorbing and emitting power 
that the corresponding spectrum of absorption should be produced ; yet for 
a strong absorption to show itself, the hydrogen must bo cool relatively 
to the source of radiation behind it, whether this be condensed particles 
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■or gas. Such conditions, it seems to me, should occur in the earlier rather 
than in the more advanced stages of condensation. 

The subject is obscure, and we may go wrong in our mode of conceiv- 
ing of the probable progress of events, but there can be no doubt that in 
one remarkable instance the white-star spectrum is associated with an 
early stage of condensation. 

Sirius is one of the most conspicuous examples of one type of this 
class of stars. Photometric observations combined with its ascertained 
parallax show that this star emits from forty to sixty times the light of 
our sun, even to the eye, which is insensible to ultra-violet light, in which 
Sirius is very rich, while we learn from the motion of its companion 
that its mass is not much more than double that of our sun. It follows 
that unless we attribute to this star an improbably great emissive power, 
it must be of immense size, and in a much more diffuse and therefore 
an earlier condition than our sun ; though probably at a later stage 
than those white stars in which the hydrogen lines are bright. 

A direct determination of the relative temperature of the photospheres 
of the stars iniglit possibly be obtained in some cases from the relative 
position of maximum radiation of their continuous spectra. Langley 
has shown that through the wliole range of temperature on which we can 
experiment, and presumably at temperatures beyond, the maximum of 
radiatiou-power in solid bodies gradually shifts upwards in the spectrum 
from the infra-red through the red and orange, and that in the sun it has 
reached the blue. 

The defined character as a rule of the stellar lines of absorption sug- 
gests that the vapours producing them do not at the same time exert any 
strong power of general absorption. Consequently we should probably 
not go far Avrong, when the photosphere consists of liquid or solid parti- 
cles, if wc could compare select parts of the continuous spectrum between 
the stronger lines or where they are fewest. It is obvious that if extended 
portions of different stellar s])ectra were compared, their true relation 
would be obscured by the line-absorption. 

The increase of temperature, as shown by the rise in the spectrum of 
the maximum of radiation, may not always be accompanied by a corre- 
sponding greater briglitness of a star as estimated by the eye, which is an 
extremely imperfect photometric instrument. Not only is the eye blind 
to large regions of radiation, but even for the small range of light that 
we can see the visual effect varies enormously with its colour. According 
to Professor Langley, the same amount of energy whicli just enables us to 
perceive light in the crimson at A tvould in the green produce a visual 
effect 100,000 times greater. In the violet the proportional effect would 
bo 1,600, in the blue 62,000, in the yellow 28,000, in the orange 14,000, 
and in the red 1,200. Captain Abney’s recent experiments make the 
sensitiveness of the eye for the green near F to he 750 times greater than 
for red about C. It is for this reason, at least in part, that 1 suggested 
1891. c 
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in 1864, and have since shown by direct observation, that the spectrum 
of the nebula in Andromeda, and presumably of similar nebulae, is in 
appearance only wanting in the red. 

The stage at which the maximum radiation is in the green, corre- 
sponding to the eye’s greatest sensitiveness, would be that in which it 
could be most favourably measured by eye-photometry. As the maxi- 
mum rose into the violet and beyond, the star would increase in visual 
brightness, but not in proportion to the increase of energy radiated by it. 

The brightness of a star would be affected by the nature of the sub- 
stance by which the light was chiefly emitted. In the laboratory solid 
carbon exhibits the highest emissive power. A stellar stage in which 
radiation comes, to a large extent, from a photosphere of the solid parti- 
cles of this substance, would be favourable for great brilliancy. Though 
the stars are built up of matter essentially similar to that of the sun, it 
does not follow that the proportion of the different elements is everywhere 
the same. It may be that the substances condensed in the photospheres 
of different stars may differ in their emissive powers, but probably not to 
a great extent. 

All the heavenly bodies are seen by us through the tinted medium of 
our atmosphere. According to Langley, the solar stage of stars is not 
really yellow, but, even as gauged by our imperfect eyes, would appear 
bluish-white if we could free ourselves from the deceptive influences of 
our surroundings. 

From these considerations it follows that we can scarcely infer the 
evolutional stages of the stars from a simple comparison of their eye- 
magnitudes. We should expect the white stars to be, as a class, less 
dense than the stars in the solar stage. As great mass might bring in 
the solar type of spectrum at a relatively earlier time, some of the brightest 
of these stars may be very massive and brighter than the sun — for example, 
the brilliant star Arcturus. For these reasons the solar stars should not 
only be denser than the white stars, but perhaps, as a class, surpass them 
in mass and eye- brightness. 

It has been shown by Lane that, so long as a condensing gaseous mass 
remains subject to the laws of a purely gaseous body, its temperature will 
continue to rise. 

The greater or less breadth of the lines of absorption of hydrogen in 
the white-stars may be due to variations of the depth of the hydrogen in 
the line of sight, arising from the causes which have been discussed. At 
the sides of the lines the absorption and emission are feebler than in the^ 
middle, and would come out more strongly with a greater thickness of gas. 

The diversities among the white stars are nearly as numerous as the 
individuals of the class. Time does not permit me to do more than to- 
record that in addition to the three sub-classes into which they have been 
divided by Vogel, Scheiner has recently investigated minor differences 
as suggested by the character of the third line of hydrogen near G. Ho 
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has pointed out top that so far as his observations go the white stars in 
the constellation of Orion stand alone, with the exception of Algol, in 
possessing a dark line in the blue which has apparently the same posi- 
tion as a bright line in the great nebula of the same constellation ; and 
Pickering finds in his photographs of the spectra of these stars dark lines 
corresponding to the principal lines of the bright-line stars, and the plane- 
tary nebulm with the exception of the chief nebular line. The association 
of white stars with nebular matter in Orion, in the Pleiades, in the region 
of the Milky Way, and in other parts of the heavens, may be regarded 
as falling in with the view that I have taken. 

In the stars possibly further removed from the white class than our 
sun, belonging to the first division of Vogel’s third class, which are dis- 
tinguished by absorption bands with their stronger edge towards the 
blue, the hydrogen lines are narrower than in the solar spectrum. In 
these stars the density-gradient is probably still more rapid, the depth of 
hydrogen may be less, and possibly the hydrogen molecules may be 
affected by a larger number of encounters with dissimilar molecules. In 
some red stars with dark hydrocarbon bands the hydrogen lines have not 
been certainly observed ; if they are really absent, it may be because the 
tempei*ature has fallen below the point at which hydrogen can exert its 
characteristic absorption ; besides, some hydrogen will have united with 
the carbon. The coming in of the hydrocarbon bands may indicate a later 
evolutional stage, but the temperature may still be high, as acetylene 
can exist in the electric arc. 

A number of small stars more or leas similar to those which are known 
by the names of their discoverers, Wolf and Rayet, have been found 
by Pickering in his photographs. These are remarkable for several 
brilliant groups of bright lines, including frequently the hydrogen lines 
and the line Dg, upon a continuous spectrum strong in blue and violet 
rays, in which are also dark lines of absorption. As some of the bright 
groups appear in his photographs to agree in position with corresponding 
bright lines in the planetary nebulm, Pickering suggests that these stars 
should be placed in one class with them, although the brightest nebular 
line is absent from these stars. The simplest conception of their nature 
would be that each star is surrounded by a nebula, the bright groups being 
due to the gaseous matter outside the star. Mr. Roberts, however, has 
not been able to bring out any indication of nebulosity by prolonged 
exposure. The remarkable star rj Argus may belong to this class of 
the heavenly bodies. 

In the nebules, the elder Herschel saw portions of the fiery mist or 
‘ shining fluid * out of which the heavens and the earth had been slowly 
fashioned. For a time this view of the nebulm gave place to that which 
regarded them as external galaxies, cosmical ‘ sandheaps,* too remote to 
be resolved into separate stars; though indeed in 1858 Mr. Herbert 

c 2 
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Spencer sliowed that tlie observations of nebulae up to that time were 
really in favour of an evolutional progress. 

In 1864 I brought the spectroscope to bear upon them ; the bright 
lines which flashed upon the eye showed the source of the light of a 
number of them to be glowing gas, and so restored these bodies to what 
is probably their true place, as an early stage of sidereal life. 

At that early time our knowledge of stellar spectra was small. For this 
reason partly, and probably also under the undue influence of theological 
opinions then widely prevalent, I unwisely wrote in my original paper 
in 1864, ‘ that in these objects wo no longer have to do with a special 
modification of our own type of sun, but find ourselves in presence of 
objects possessing a distinct and peculiar plan of structure.’ Two years 
later, however, in a lecture before this Association, I took a truer position. 
‘ Our views of the universe,’ I said, ‘ are undergoing important changes ; 
let us wait for more facts with minds unfettered by any dogmatic theory, 
and therefore free to receive the teaching, whatever it may be, of new 
observations.’ 

Let us turn aside foi a moment from the nebulee in the sky to the 
conclusions to which philosophers had been irresistibly led by a considera- 
tion of the features of the solar system. We have before us in the 
sun and planets obviously not a haphazard aggregation of bodies, but 
a system resting upon a multitude of relations pointing to a common 
physical cause. From these considerations Kant and Laplace formulated 
the nebular hypothesis, resting it on gravitation alone, for at that time 
the science of the conservation of energy was practically unknown. These 
philosophers showed how, on the supposition that the space now occupied 
by the solar system was once filled by a vaporous mass, the formation 
of the sun and planets could be reasonably accounted for. 

By a totally different method of reasoning, modern science traces 
the solar system backward step by step to a similar state of things at 
the beginning. According to Helmholtz the sun’s heat is maintained 
by the contraction of his mass, at the rate of about 220 feet a year. 
Whether at the present time the sun is getting hotter or colder we do 
not certainly know. We can reason back to the time when the sun was 
sufficiently expanded to fill the whole space occupied by the solar system, 
and was reduced to a great glowing nebula. Though man’s life, the life 
of the race perhaps, is too short to give us direct evidence of any distinct 
stages of so august a process, still the probability is great that the 
nebular hypothesis, especially in the more precise form given to it by 
Roche, does represent broadly, notwithstanding some difficulties, the 
succession of events through which the sun and planets have passed. 

The nebular hypothesis of Laplace requires a rotating mass of fluid 
which at successive epochs became unstable from excess of motion, and 
left behind rings, or more probably perhaps lumps, of matter from the 
equatorial regions. 
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The difificulties to which I have referred have suggested to some 
thinkers a different view of things, according to which it is not necessary 
to suppose that one part of the system gravitationally supports another. 
The whole may consist of a congeries of discrete bodies even if these 
bodies be the ultimate molecules of matter. The planets may have been 
formed by the gradual accretion of such discrete bodies. On the view 
that the material of the condensing solar system consisted of separate 
particles or masses, we have no longer the fluid pressure which is an 
essential part of Laplace’s theory, l^aye, in his theory of evolution from 
meteorites, has to throw over this fundamental idea of the nebular 
hypothesis, and he formulates instead a different succession of events in 
which the outer planets were formed last ; a theory which has difficulties 
of its own. 

Professor George Darwin has recently shown, from an investigation 
of the mechanical conditions of a swarm of meteorites, that on certain 
assumptions a meteoric swarm might behave as a coarse gas, and in this 
way bring back the fluid pressure exercised by one part of the system on 
the other, which is required by Laplace’s theory. One chief assumption 
consists in supposing that such inelastic bodies as meteoric stones might 
attain the effective elasticity of a high order which is necessary to the 
theory through the sudden volatilisation of a part of their mass at an 
encounter, by which what is virtually a violent explosive is introduced 
between the two colliding stones. Professor Darwin is careful to point 
out that it must necessarily be obscure as to how a small mass of solid 
matter can take up a very large amount of energy in a small fraction of a 
second. 

Any direct indications from the heavens themselves, however slight, 
are of so great value, that I should perhaps in this connection call atten- 
tion to a recent remarkable photograph by Mr. Roberts of the great 
nebula in Andromeda. On this plate we seem to have presented to ns 
some stage of cosmical evolution on a gigantic scale. The photograph 
shows a sort of whirlpool disturbance of the luminons matter which is 
distributed in a piano inclined to the line of sight, in which a series of 
rings of bright matter separated by dark spaces, greatly foreshortened by 
perspective, surround a large undefined central mass. The parallax of this 
nebula has not been ascertained, but there can be little doubt that we are 
looking upon a system very remote, and therefore of a magnitude great 
beyond our power of adequate comprehension. The matter of this nebula, 
in whatever state it may be, appears to be distributed, as in so many 
other nebulae, in rings or spiral streams, and to suggest a stage in a suc- 
cession of evolutional events not inconsistent with that which the nebular 
hypothesis requires. To liken this object more directly to any particular 
stage in the formation of the solar system would be ‘ to compare things 
great with small,’ and might be indeed to introduce a false analogy ; hub 
on the other hand, we should orr through an excess of caution if we did 
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not accept the remarkable features brought to light by this photograph 
as a presumptive indication of a progress of events in cosmical history 
following broadly upon the lines of Laplace’s theory. 

The old view of the original matter of the iiebula 3 , that it consisted of 
a * fiery mist/ 

‘a till mi It nous cloud 
Instinct with fire and nitre,’ 

fell at once with the rise of the science of thermodynamics. In 1854 
Helmholtz showed that the supposition of an original fiery condition of 
the nebulous stuff was unnecessary, since in the mutual gravitation of 
widely separated matter we have a store of potential energy sufficient to 
generate the high temperature of the sun and stars. We can scarcely go 
wrong in attributing the light of the nebuli© to the conversion of the 
gravitational energy of shrinkage into molecular motion. 

The idea that the light of comets and of nebuloe may be due to a suc- 
cession of ignited flashes of gas from the encounters of meteoric stones 
was suggested by Professor Tait, and was brought to the notice of this 
Association in 1871 by Sir William Thomson in his Presidential Address. 

The spectrum of the bright-line nebulae is certainly not such a spec- 
trum as we should expect from the flashing by collisions of meteorites 
similar to those which have been analysed in our laboratories. The 
strongest lines of the substances which in the case of such meteorites 
would first show themselves, iron, sodium, magnesium, nickel, &c., are 
not those which distinguish the nebular spectrum. On the contrary, this 
spectrum is chiefly remarkable for a few brilliant lines, very narrow and 
defined, upon a background of a faint continuous spectrum, which con- 
tains numerous bright lines, and probably some lines of absorption. 

The two most conspicuous lines have not been interpreted; for 
though the second line falls near, it is not coincident with a .strong double 
line of iron. It is hardly necessary to say that though the near position 
of the brightest line to the bright double lino of nitrogen, as seen in a 
small spectroscope in 1804, naturally suggested at that early time the 
possibility of the presence of this element in the nebulse, I have been 
careful to point out, to prevent misapprehension, that in more recent 
3 'ears the nitrogen line and subsequently a lead lino have been employed 
by me solely as fiducial points of reference in the spectrum. 

The third line we know to be the second lino of the first spectrum of 
hydrogen. Mr. Keeler has seen the fir.st hydrogen line in the red, and 
photographs show that this hydrogen spectrum is probably present in its 
complete form, or nearly so, as we first learnt to know it in the absorp- 
tion spectrum of the white stars. 

We are not surprised to find associated with it the line L 3 , near the 
position of the absent sodium lines, probably due to the atom of some 
unknown gas, which in tlie sun can only show itself in the outbursts of 
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highest temperature, and for this reason does not reveal itself by absorp- 
tion in the solar spectrum. 

It is not unreasonable to assume that the two brightest lines, which 
are of the same order as the third line, are produced by substances of a 
similar nature, in which a vibratory motion corresponding to a very high 
temperature is also necessary. These substances, as well as that repre- 
sented by the line D-j, may be possibly some of the unknown elements 
which are wanting in our terrestrial chemistry between hydrogen and 
lithium, unless indeed D3 bo on the lighter side of hydrogen. 

In the laboratory we must have recourse to the electric discharge to 
bring out the spectrum of hydrogen ; but in a vacuum-tube, though the 
radiation may be great, from the relative fewness of the luminous atoms 
or molecules or from some other cause, the temperature of the gas as 
a whole may be low. 

On account of the large extent of the ncbulje, a comparatively small 
number of luminous molecules or atoms would probably bo sufficient to 
make the nebulas as bright as they appear to us. On such an assumption 
the average temperature may be low, but the individual particles, which 
by their encounters are luminous, must have motions corresponding to 
a very high tcmf)eraturc, and in this sense be extremely hot. 

In such diffuse masses, from the great mean length of free path, the 
encounters would be rare but correspondingly violent, and tend to bring 
about vibrations of comparatively short period, as appears to be the case 
if wc may judge by the great relative brightness of the more refrangible 
lines of the nebular spectrum. 

Such a view may pcrliaps reconcile the high temperature which the 
nebular spectrum undoubtedly suggests with the much lower mean tem- 
perature of the gaseous mass, which wo should expect at so early a stage 
of condensation, unless we assume a very enormous mass ; or that the 
matter coming together had previously considerable motion, or consider- 
able molecular agitation. 

If the hydrogen shown by the spectroscope in the nebulae and in the 
atmospheres of the stars is retained by these bodies, we should be able to 
assign approximately an inferior limit for the force of gravity at their 
surfaces; provided that we assume that the gas is in the uncombined 
state, and always exists in some greater proportion than in the free space 
about them. 

The inquisitiveness of the human mind does not allow ns to remain 
content with the interpretation of the present state of the cosmical masses, 
but suggests the question — 

* What see’vst thou else 
In the dark backward and abysm of time ? ’ 

What was the original state of things ? how has it come about that by 
the side of ageing worlds we have nebula) in a relatively younger stage ? 
Have any of them received their birth from dark suns, which have col- 



24 


KEPORT — 1891. 


lided into new life, and so belong to a second or later generation of th& 
heavenly bodies ? 

Daring the short historic period, indeed, there is no record of such an 
event ; still it would seem to be only through the collision of dark suns, 
of which the number must be increasing, that a temporary rejuvenescence 
of the heavens is possible, and by such ebbings and flowings of stellar life 
that the inevitable end to which evolution in its apparently uncompen- 
sated progress is carrying us can, even for a little, be delayed. 

We cannot refuse to admit as possible such an origin for nebula). 

In considering, however, the formation of the existing nebula) we 
must bear in mind that, in the part of the heavens within our ken, the 
stars still in the early and middle stages of evolution exceed greatly in 
number those which appear to be in an advanced condition of condensa- 
tion. Indeed, we find some stars which may bo regarded as not far 
advanced beyond the nebular condition. 

It may be that the cosmical bodies which are still nebulous owe the 
lateness of their development to some conditions of the part of space 
where they occur, such as conceivably a greater original homogeneity, in 
consequence of which condensation began less early. In other parts of 
space condensation may have been still further delayed, or even have not 
yet begun. It is worthy of remark that these nebulee group themselves 
about the Milky Way, where we find a preponderance of the white-star 
type of stars, and almost exclusively the bright-line stars which Pickering 
associates with the planetary nebula). Further, Dr. Gill concludes, from 
the rapidity with which they impress themselves upon the plate, that the 
fainter stars of the Milky Way also, to a large extent, belong to this early 
type of stars. At the same time other types of stars occur also over this 
region, and the red hydrocarbon stars are found in certain parts ; but 
possibly these stars may be before or behind the Milky Way, and not 
physically connected with it. 

If light matter be suggested by the spectrum of these nebula), it may 
be asked farther, as a pure speculation, whether in them we are witness- 
ing possibly a later condensation of the light matter which had been IMt 
behind, at least in a relatively greater proportion, after the first growth 
of worlds into which the heavier matter condensed, though not without 
some entanglement of the ligliter substances. The wide extent and great 
diflfuseness of this bright-line nebulosity over a large part of the con- 
stellation of Orion may be regarded perhaps as pointing in this direction. 
The dififuso nebulous matter streaming round the Pleiades may possibly 
be another instance, though the character of its spectrum has not yet 
been ascertained. 

In the planetary nebula), as a rule, there is a sensible increase of the 
faint continuous spectrum, as well as a slight thickening of the bright 
lines towards the centre of the nebula, appearances which are in favour 
of the view that these bodies are condensing gaseous masses. 
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Professor G. Darwin, in his investigation of the equilibrium of a rotat- 
ing mass of fluid, found, in accordance with the independent researches 
of Poincare, that when a portion of the central body becomes detached 
through increasing angular velocity, the portion should bear a far larger 
ratio to the remainder than is observed in the planets and satellites of the 
solar system, even taking into account heterogeneity from the condensa- 
tion of the parent mass. 

Now this state of things, in which the masses though not equal are of 
the same order, does seem to prevail in many nebula), and to have given- 
birth to a large class of binary stars. Mr. See has recently investigated 
the evolution of bodies of this class, and points out their radical difierences 
from the solar system in the relatively large mass-ratios of the component 
bodies, as well as in the high eccentricities of their orbits brought about 
by tidal friction, which would play a more important part in the evolution 
of such systems. 

Considering the large number of those bodies, ho suggests that the solar 
system should perhaps no longer be regarded as representing celestial 
evolution in its normal form — 

‘ A goodly Pat erne to whoso perfect mould 
He fashioned them . . 

but rather as modified by conditions which are exceptional. 

It may well be that in the very early stages condensing masses are 
subject to very different conditions, and that condensation may not always 
begin at one or two centres, but sometimes set in at a large number of 
points, and proceed in the different cases along very different lines of 
evolution. 

Besides its more direct use in the chemical analysis of the heavenly 
bodies, the spectroscope has given to us a great and unexpected power of 
advance along tlie lines of the older astronomy. In the future a higher 
value may, indeed, be placed upon tins indirect use of the spectroscope 
than upon its chemical revelations. 

By no direct astronomical methods could motions of approach or of 
recession of the stars be even detected, much less could they be measured. 
A body coming directly towards us or going directly from us appears to 
stand still. In the case of the stars we can receive no assistance from 
change of size or of brightness. The stars show no true discs in our 
instruments, and the nearest of them is so far off* that if it were approach- 
ing us at the rate of a hundred miles in a second of time, a whole 
century of such rapid approach would not do more than increase its 
brightness by the one-fortieth part. 

Still it was only too clear that, so long as wo were unable to ascertain 
directly those components of the stars’ motions which lie in the line of 
sight, the speed and direction of the solar motion in space, and many of 
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tlie great problems of the constitntion of the heavens, must remain more 
or less imperfectly known. Now the spectroscope has placed in our 
hands this power, which, though so essential, appeared almost in the 
nature of things to lie for ever beyond our grasp ; it enables us to measure 
directly, and under favourable circumstances to within a mile per second, 
or even less, the speed of approach or of recession of a heavenly body. 
This method of observation has the great advantage for the astronomer 
of being independent of the distance of the moving body, and is 
therefore as applicable and as certain in the case of a body on the 
extreme confines of the visible universe, so long as it is bright enough, 
as in the case of a neighbouring planet. 

Doppler had suggested as far back as 1841 that the same principle, on 
which he had shown that a sound should become sharper or flatter if 
there were an approach or a recession between the ear and the source 
of the sound, would apply equally to light ; and he went on to say that 
the difference of colour of some of the binary stars might be produced in 
this way by their motions. Doppler was right in that the principle is 
true in the case of light, but he was wrong in the particular conclusion 
which he drew from it. Even if we suppose a star to bo moving with a 
sufficiently enormous velocity to alter sensibly its colour to the eye, no 
such change would actually be seen, for the reason that the store of 
invisible light beyond both limits of the visible spectrum, the blue and 
the red, would be drawn upon, and light- waves invisible to us would be 
exalted or degraded so as to take the place of those raised or lowered in 
the visible region, and the colour of the star would remain unchanged. 
About eight years later Fizcau pointed out the importance of considering 
the individual wave-lengths of which white light is composed. It is, 
indeed, Doppler’s principle which underlies the early determination of 
the velocity of light by Iloemcr; but this method, in its converse form, 
can scarcely be regarded as of practical value for the motions in the line 
of sight of binary stars. As soon, however, as we had learned to 
recognise the lines of known substances in the spectra of the heavenly 
bodies, Doppler’s principle became applicable as the basis of a new 
and most fruitful method of investigation. The measurement of the 
small shift of the celestial lines from their true positions, as shown 
by the same lines in the spectrum of a terrestrial substance, gives to 
us the means of ascertaining directly in miles per second the speed 
of approach or of recession of the heavenly body from which the light 
has come. 

An account of the first application of this method of research to 
the stars, which was made in my observatory in 1868, was given by Sir 
Gabriel Stokes from this chair at the meeting at Exeter in 1869. The 
stellar motions determined by me were shortly after confirmed by Pro- 
fessor Yogel in the case of Sirius, and in the case of other stars by Mr. 
Christie, now Astronomer Royal, at Greenwich ; but, necessarily, in con- 
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fiequence of the inadequacy of the instruments then in use for so delicate 
an inquiry, the amounts of these motions were but approximate. 

The method was shortly afterwards taken up systematically at Green- 
wich and at the Rugby Observatory. It is to be greatly regretted that, 
for some reasons, the results have not been sufficiently accordant and 
accurate for a research of such exceptional delicacy. On this account 
probably, as well as that the spectroscope at that early time had scarcely 
become a familiar instrument in the observatory, astronomers were slow 
in availing themselves of this new and remarkable power of investigation. 
That this comparative neglect of so truly wonderful a method of ascertain- 
ing what was otherwise outside our powers of observation has greatly 
retarded the progress of astronomy during the last fifteen years, is but 
too clearly shown by the brilliant results which within the last couple of 
years have followed fast upon the recent masterly application of this 
method by photography at Potsdam, and by eye with the needful accuracy 
at the Lick Observatory. At last this use of the spectroscope has taken 
its true place as one of the most potent methods of astronomical research. 
It gives us the motions of approach and of recession, not in angular 
measures, which depend for their translation into actual velocities upon 
separate determinations of parallactic displacements, but at once in 
terrestrial units of distance. 

This method of work will doubtless be very prominent in the astro- 
nomy of the near future, and to it probably we shall have to look for the 
more important discoveries in sidereal astronomy which will be made 
during the coming century. 

In his recent application of photography to this method of determining 
celestial motions, Professor Vogel, assisted by Dr. Scheiner, considering 
the importance of obtaining the spectrum of as many stars as possible on 
an extended scale without an exposure inconveniently long, wisely 
determined to limit the part of the spectrum on the plate to the region 
for which the ordinary silver-bromide gelatine plates are most sensitive, 
namely, to a small distance on each side of G, and to employ as the line 
ot comparison the hydrogen line near G, and recently also certain lines 
of iron. The most minute and complete mechanical arrangements were 
provided for the purpose of securing the absolute rigidity of the com- 
parison spectrum relatively to that of the star, and for permitting tem- 
perature adjustments and other necessary ones to be made. 

The perfection ot these spectra is shown by the large number of 
lines, no fewer than 250 in the case of Capella, within the small region 
of the spectrum on the plate. Already the motions of about fifty stars 
have been measuied with an accuracy, in the case of the larger number 
of them, of about an English mile per second. 

At the Lick Observatory it has been shown that observations can be 
made directly by eye with an accuracy equally great. Mr. Keeler’s 
brilliant success has followed in great measure from the use of the third 
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and fourth spectra of a grating with 14,438 lines to the inch. The mar- 
vellous accuracy attainable in his hands on a suitable star is shown by 
observations on three nights of the star Arcturus, the largest divergence 
of his measures being not greater than six-tenths of a mile per second, 
while the mean of the three nights’ work agreed with the mean of five 
photographic determinations of the same star at Potsdam to within one- 
tenth of an English mile. These are determinations of the motions of a 
sun so stupendously remote that even the method of parallax practically 
fails to fathom the depth of intervening space, and by means of light, 
waves which have been, according to Elkin’s nominal parallax, nearly 
200 years upon their journey. 

Mr. Keeler with his magnificent means has accomplished a task 
which I attempted in vain in 1874, with the comparatively poor appli- 
ances at my disposal, of measuring the motions in the line of sight of 
some of the planetary nebulae. As the stars have considerable motions 
in space it was to be expected that nebulno should possess similar motions, 
for the stellar motions must have belonged to the nebnlse out of which 
they have been evolved. My instrumental means, limiting my power of 
detection to motions greater than twenty-five miles per second, were in- 
sufficient. Mr. Keeler has found in the examination of ten nebulae 
motions varying from two miles to twenty-seven miles, with one excep- 
tional motion of nearly forty miles. 

For the nebula of Orion, Mr. Keeler finds a motion of recession of 
about ten miles a second. Now this motion agrees closely with what it 
should appear to have from the drift of the solar system itself, so far as 
it has been possible at present to ascertain the probable velocity of tha 
sun in space. This grand nebula, of vast extent and of extreme tenuity, 
is probably more nearly at rest relatively to the stars of our system 
than any other celestial object we know ; still it would seem more likely 
that even here we have some motion, small though it may be, than that 
the motions of the matter of which it is formed were so absolutely 
balanced as to leave this nebula in the unique position of absolute immo- 
bility in the midst of whirling and drifting suns and systems of sans. 

The spectroscopic method of determining celestial motions in the 
line of sight has recently become fruitful in a new but not altogether un- 
foreseen direction, for it has, so to speak, given us a separating power 
far beyond that of any telescope the glass-maker and the optician could 
construct, and so enabled us to penetrate into mysteries hidden in 
stars apparently single, and altogether unsuspected of being binary 
systems. The spectroscope has not simply added to the list of the 
known binary stars, but has given to iis for the first time a knowledge 
of a new class of stellar systems, in which the components are in some 
cases of nearly equal magnitude, and in close proximity, and are re- 
volving with velocities greatly exceeding the planetary velocities of our 
system. 
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The K line in the photographs of Mizar, taken at the Harvard Col- 
lege Observatory, was found to be double at intervals of fifty-two days. 
The spectrum was therefore not due to a single source of light, but to 
the combined effect of two stars moving periodically in opposite direc- 
tions in the line of sight. It is obvious that if two stars revolve round 
their common centre of gravity in a plane not perpendicular to the line 
of sight, all the lines in a spectrum common to the two stars will appear 
alternately single or double. 

In the case of Mizar and the other stars to bo mentioned, the spec- 
troscopic obseiwations are not as yet extended enough to furnish more 
than an approximate determination of the elements of their orbits. 

Mizar especially, on account of its relatively long period, about 105 
days, needs further observations. The two stars are moving each with a 
velocity of about fifty miles a second, probably in elliptical orbits, and 
are about 143 millions of miles apart. The stars of about equal bright- 
ness have together a mass about forty times as great as that of our sun. 

A similar doubling of the lines showed itself in the Harvard photo- 
graphs of p Aurigm at the remarkably close interval of almost exactly 
two days, indicating a period of revolution of about four days. Accord- 
ing to Vogel’s later observations, each star has a velocity of nearly seventy 
miles a second, the distance between the stars being little more than 
seven and a half millions of miles, and the mass of the system 4*7 times 
that of the sun. The system is approaching us at the speed of about 
sixteen miles a second. 

The telescope could never have revealed to us double stars of this 
order. In the case of /3 Auriga), combining Vogel’s distance with 
Pritchard’s recent determination of the star’s parallax, the greatest 
angular separation of the stars as seen from the earth would be l-200th 
part of a second of arc, and therefore very far too small for detection 
by the largest telescopes. If we take the relation of aperture to sepa- 
rating power usually accepted, an object glass of about eighty feet in 
diameter would be needed to resolve this binary star. The spectroscope, 
which takes no note of distance, magnifies, so to speak, tliis minute 
angular separation 4,000 times; in other words, the doubling of the 
lines, which is the phenomenon that we have to observe, amounts to the 
easily measurable quantity of twenty seconds of arc. 

There were known, indeed, variable stars of short period, which it 
had been suggested might be explained on the hypothesis of a dark 
body revolving about a bright sun in a few days, but this theory was 
met by the objection that no such systems of closely revolving suns were 
known to exist. 

The Harvard photographs of which we have been speaking were 
taken with a slitless form of spectroscope, the prisms being placed, as 
originally by Fraunhofer, before the object glass of the telescope. This 
method, though it possesses some advantages, has the serious drawback 
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of not permitting a direct comparison of the star’s spectrum with ter- 
restrial spectra. It is obviously unsuited to a variable star like Algols 
where one star only is bright, for in such a case there would be na 
doubling of the lines, but only a small shift to and fro in the spectrum 
of the lines of the bright star as it moved in its orbit alternately towards 
and from our system, which would need for its detection the fiducial 
positions of terrestrial lines compared directly with them. 

For such observations the Potsdam spectrograph was well adapted. 
Professor Vogel found that the bright star of Algol did pulsate back- 
wards and forwards in the visual direction in a period corresponding to 
the known variation of its light. The explanation which had been 
suggested for the star’s variability, that it was partially eclipsed at 
regular intervals of 68 '8 hours by a dark companion large enough to cut 
oft* nearly five-sixths of its light, was therefore the true one. The dark 
companion, no longer able to hide itself by its obscureness, was brought 
out into the light of direct observation by means of its gravitational 
effects. 

Seventeen hours before minimum Algol is receding at the rate of 
about 24i miles a second, while seventeen hours after minimum it is 
found to be approaching with a speed of about 28^ miles. Prom these 
data, together with those of the variation of its light, Vogel found, on 
the assumption that both stars have the same density, that the companion, 
nearly as large as the sun, but with about one-fourth his mass, revolves 
with a velocity of about fifty-five miles a second. The bright star of 
about twice the size and mass moves about the common centre of gravity 
with the speed of about twenty-six miles a second. The system of the twa 
stars, which are about millions of miles apart, considered as a whole, 
is approaching us with a velocity of 2'4 miles a second. The great 
difference in luminosity of the two stars, not less than fifty times, suggests 
rather that they are in different stages of condensation, and dissimilar in 
density. 

It is obvious that if the orbit of a star with an obscui’e companion is 
sufficiently inclined to the line of sight, the companion will pass above or 
below the bright star and produce no variation of its light. Such systems 
may be numerous in the heavens. In Vogel’s photographs, Spica, which is 
not variable, by a small shifting of its lines reveals a backward and forward 
periodical pulsation due to orbital motion. As the pair whirl ronnd 
their common centre of gravity, the bright star is sometimes advancing, 
at others receding. They revolve in about four days, each star moving 
with a velocity of about fifty-six miles a second in an orbit probably 
nearly circular, and possess a combined mass of rather more than 2^ 
times that of the sun. Taking the most probable value for the star’s 
parallax, the greatest angular separation of the stars would be far too 
small to be detected with the most powerful telescopes. 

If in a close double star the fainter companion is of the white-star 
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type, while the bright star is solar in character, the composite spectrum 
would be solar with the hydrogen lines unusually strong. Such a spec- 
trum would in itself afford some probability of a double origin, and 
suggest the existence of a companion star. 

In the case of a true binary star the orbital motions of the pair would 
reveal themselves in a small periodical swaying of the hydrogen linea 
relatively to the solar ones. 

Professor Pickering considers that his photographs show ten stars 
with composite spectra ; of these, five are known to bo double. The 
others are : r Persei, f Auriga), 8 Sagittarii, 31 Ceti, and /? Capricorni. 
Perhaps fB Lyrae should be added to this list. 

In his recent classical work on the rotation of the sun, Duner has 
not only determined the solar rotation for the equator but for different 
parallels of latitude up to The close accordance of his results shows^ 

that those observations are sufficiently accurate to be discussed with the 
variation of the solar rotation for different latitudes, which had been 
determined by the older astronomical methods from the observations of 
the solar spots. 

Though I have already spoken incidentally of the invaluable aid 
which is furnished by photography in some of the applications of the 
spectroscope to the heavenly bodies, the new power which modern 
photography has put into the hands of the astronomer is so great, and 
has led already, within the last few years, to new acquisitions of know- 
ledge of such vast importance, that it is fitting that a few sentences 
should be si^ecially devoted to this subject. 

Photography is no new discovery, being about half a century old ; 
it may excite surprise, and indeed possibly suggest some apathy on the 
part of astronomers, that though the suggestion of the application of 
photography to the heavenly bodies dates from the memorable occasion 
when, in 1839, Arago, announcing to the Acadcmie des Sciences the great 
discovery of Niepce and Daguerre, spoke of the possibility of taking 
pictures of the sun and moon by the new process, yet that it is only 
within a few years that notable advances in astronomical methods and 
discovery have been made by its aid. 

The explanation is to be found in the comparative unsuitability of 
the earlier photographic methods for use in the observatory. Injustice 
to the early workers in astronomical photography, among whom Bond, 
De la E/UO, J. W. Draper, Rutherfurd, Gould, hold a foremost place, it ia 
needful to state clearly that the recent great successes in astronomical 
photography are not due to greater skill, nor, to any great extent, to 
superior instruments, but to the very great advantages which the modem 
gelatine dry plate possesses for use in the observatory over the methods 
of Daguerre, and even over the wet collodion film on glass which, though 
a great advance on the silver plate, went but a little way towards putting 
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into the hands of the astronomer a photographic surface adapted fully to 
his wants. 

The modern silver-bromide gelatine plate, except for its grained 
texture, meets the needs of the astronomer at all points. It possesses 
extreme sensitiveness ; it is always ready for use ; it can be placed in any 
position ; it can be exposed for hours ; lastly, it does not need immediate 
development, and for this reason can be exposed again to the same 
object on succeeding nights, so as to make up by several instalments, as the 
weather may permit, the total time of exposure which is deemed necessary. 

Without the assistance of photography, however greatly the resources 
of genius might overcome the optical and mechanical difficulties of con- 
structing large telescopes, the astronomer would have to depend in the 
last resource upon his eye. Now we cannot by the force of continued 
looking bring into view an object too feebly luminous to be seen at the 
first and keenest moment of vision. But the feeblest light which falls 
upon the plate is not lost, but is taken in and stored up continuously. 
Each hour the plate gathers up 3,600 times the light-energy which 
it received during the first second. It is by this power of accumu- 
lation that the photographic plate may be said to increase, almost 
without limit, though not in separating power, the optical means at the 
disposal of the astronomer for the discovery or the observation of faint 
objects. 

Two principal directions may be pointed out in which photography is 
of great service to the astronomer. It enables him within the compara- 
tively short time of a single exposure to secure permanently with great 
exactness the relative positions of hundreds or even of thousands of stars, 
or the minute features of nebula) or other objects, or the phenomena 
of a passing eclipse, tasks which by means of the eye and band could 
only be accomplished, if at all, after a very great expenditure of time 
and labour. Photography puts it in the power of the astronomer to 
accomplish in the short span of his own life, and so enter into their 
fruition, great works which otherwise must have been passed on by him 
as an heritage of labour to succeeding generations. 

The second great service which photography renders is not simply an 
aid to the powers the astronomer already possesses. On the contrary, 
the plate, by recording light- waves which are both too small and too 
large to excite vision in the eye, brings him into now regions of know- 
ledge, such as the infra-red and the ultra-violet parts of the spectrum, 
which must have remained for ever unknown but for artificial help. 

The present year will be memorable in astronomical history for the 
practical beginning of the Photographic Chart and Catalogue of the 
Heavens, which took their origin in an International Conference which 
met in Paris in 1887, by the invitation of M. TAmiral Monchez, Director 
of the Paris Observatory. 

The richness in stars down to the ninth magnitude of the photographs 
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of the comet of 1882 taken at the Cape Observatory under the superin- 
tendence of Dr. Gill, and the remarkable star charts of the Brothers 
Henry which followed two years later, astonished the astronomical world. 
The great excellence of these photographs, which was due mainly to the 
superiority of the gelatine plate, suggested to these astronomers a complete 
map of the sky, and a little later gave birth in the minds of the Paris 
astronomers to the grand enterprise of an International Chart of the 
Heavens. The actual beginning of the work this year is in no small 
degree due to the great energy and tact with which the Director of the 
Paris Observatory has conducted the initial steps, through the many 
delicate and difficult questions which have unavoidably presented them- 
selves in an undertaking which depends upon the harmonious working in 
common of many nationalities, and of no fewer than eighteen observa- 
tories in all parts of the world. The three years since 1887 have not 
been too long for the detailed organisation of this work, which has 
called for several elaborate preliminary investigations on special points 
in which our knowledge was insufficient, and which have been ably 
carried out by Professors Vogel and Bakhuyzen, Dr. Trepied, Dr. Scheiner, 
Dr. Gill, the Astronomer Royal, and others. Time also was required for 
the construction of the new and special instruments. 

The decisions of the Conference in their final form provide for the 
construction of a great photographic chart of the heavens with exposures 
corresponding to forty minutes’ exposure at Paris, which it is expected 
will reach down to stars of about the fourteenth magnitude. As each 
plate is to be limited to four square degrees, and as each star, to 
avoid possible errors, is to appear on two plates, over 22,000 photographs 
will be required. For the more accurate determination of the positions 
of the stars, a reseau with lines at distances of 5 mm. apart is to be 
previously impressed by a faint light upon the plate, so that the image 
of the reseau will appear together with the images of the stars when the 
plate is developed. This great work will be divided, according to their 
latitudes, among eighteen observatories provided with similar instru- 
ments, though not necessarily constructed by the same maker. Those 
in the British dominions and at Tacubaya have been constructed by Sir 
Howard Grubb. 

Besides the plates to form the great chart, a second set of plates for a 
catalogue is to be taken, with a shorter exposure, which will give stars to 
the eleventh magnitude only. These plates, by a recent decision of the 
Permanent Committee, are to bo pushed on as actively as possible, though 
as far as may be practicable plates for the chart are to be taken concur- 
rently. Photographing the plates for the catalogue is but the first step 
in this work, and only supplies the data for the elaborate measurements 
which have to be made, which are, however, less laborious than would 
be required for a similar catalogue without the aid of photography. 

Already Dr. Gill has nearly brought to conclusion, with the assistance 
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of Professor Kapteyn, a preliminary photographic survey of the Southern 
heavens. 

With an exposure sufficiently long for the faintest stars to impress 
themselves upon the plate, the accumulating action still goes on for the 
brighter stars, producing a great enlargement of their images from opti- 
cal and photographic causes. The question has occupied the attention of 
many astronomers whether it is possible to find a law connecting the 
diameters of these more or less over-exposed images with the relative 
brightness of the stars themselves. The answer will come out undoubt- 
edly in the affirmative, though at present the empirical formulae which 
have been suggested for this purpose differ from each other. Captain 
Abney proposes to measure the total photographic action, including 
density as well as size, by the obstruction which the stellar image offers 
to light. 

A further question follows as to the relation which the photographic 
magnitudes of stars bear to those determined by eye. Visual magnitudes 
are the physiological expression of the eye’s integration of that part of 
*the star’s light which extends from the red to the blue. Photographic 
magnitudes represent the plate’s integration of another part of the star’s 
light — namely, from a little below where the power of the eye leaves off 
in the blue, to where the light is cut off by the glass, or is greatly re- 
duced by want of proper corrections when a refracting telescope is used. 
It is obvious that the two records are taken by different methods in 
dissimilar units of different parts of the star’s light. In the case of cer- 
tain coloured stars the photographic brightness is very different from the 
visual brightness ; but in all stars changes, especially of a temporary cha- 
racter, may occur in the photographic or the visual region, unaccompanied 
by similar changes in the other part of the spectrum. For these reasons 
it would seem desirable that the two sets of magnitudes should be tabu- 
lated independently, and be regarded as supplementary of each other. 

The determination of the distances of the fixed stars from the small 
apparent shift of their positions when viewed from widely separated posi- 
tions of the earth in its orbit is one of the most refined operations of the 
observatory. The great precision with which this minute angular 
quantity, a fraction of a second of arc only, has to be measured, is so deli- 
cate an operation with the ordinary micrometer, though, indeed, it was with 
this instrument that the classical observations of Sir Bobert Ball were 
made, that a special instrument, in which the measures are made by 
moving the two halves of a divided object glass, known as a heliometer, 
has been pressed into this service, and quite recently, in the skilful hands 
of Dr. Gill and Dr. Elkin, has largely increased our knowledge in this 
direction. 

It is obvious that photography might be here of great service, if we 
could rely upon measurements of photographs of the same stars taken at 
suitable intervals of time. Professor Pritchard, to whom is due the 
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honour of having opened this new path, aided by his assistants, has 
proved by elaborate investigations that measures for parallax may be 
safely made upon photographic plates, with, of course, the advantages of 
leisure and repetition ; and he has already by this method determined the 
parallax for twenty-one stars with an accuracy not inferior to that of 
values previously obtained by purely astronomical methods. 

The remarkable successes of astronomical photography, which depend 
upon the plate’s power of accumulation of a very feeble light acting 
continuously through an exposure of several hours, are worthyito be re- 
garded as a new revelation. The first chapter opened when, in 1880, Dr. 
Henry Draper obtained a picture of the nebula of Orion ; but a more im- 
portant advance was made in 1883, when Dr. Common, by his'photographs, 
brought to our knowledge details and extensions of this nebula hitherto 
unknown. A further disclosure took place in 1885, when the Brothers 
Henry showed for the first time in great detail the spiral nebulosity issu- 
ing from the bright star Maia of the Pleiades, and shortly afterwards 
nebulous streams about the other stars of this group. In 1886 Mr. 
Roberts, by means of a photograph to which three hours’ exposure had 
been given, showed the whole background of this group to be nebulous. 
In the following year Mr. Roberts more than doubled for us the great 
extension of the nebular region which surrounds the trapezium in the 
constellation of Orion. By his photographs of the great nebula in An- 
dromeda, he has shown the true significance of the dark canals which 
had been seen by the eye. They are in reality spaces between 'successive 
rings of bright matter, which appeared nearly straight owing to the in- 
clination in which they lie relatively to us. These bright rings surround 
an undefined central luminous mass. I have already spoken of this 
photograph. 

Some recent photographs by Mr. Russell show that the great rift in 
the Milky W ay in Argus, which to the eye is void of stars, is in reality 
uniformly covered with them. Also quite recently Ikfr. George Hale has 
photographed the solar prominences by means of a grating, making use 
•of the lines H and K. 

The heavens are richly but very irregularly inwrought with stars. 
The brighter stars cluster into well-known groups upon a background 
formed of an enlacement of streams and convoluted windings and inter- 
twined spirals of fainter stars, which becomes richer and more intricate in 
the irregularly rifted zone of the Milky Way. 

W e, who form part of the emblazonry, can only see the design dis- 
torted and confused ; here crowded, there scattered, at another place 
superposed. The groupings due to our position are mixed up with those 
which are real. 

Can we suppose that each luminous point has no other relation to 
those near it than the accidental neighbourship of grains of sand upon 
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the shore, or of particles of the wind-blown dust of the desert ? Surely 
every star from Sirius and Vega down to each grain of the light-dust of 
the Milky Way has its present place in the heavenly pattern from the 
slow evolving of its past. We see a system of systems, for the broad 
features of clusters and streams and spiral windings which mark the 
general design are reproduced in every part. The whole is in motion, 
each point shifting its position by miles every second, though from the 
august magnitude of their distances from us and from each other, it is 
only by the accumulated movements of years or of generations that somo 
small changes of relative position reveal themselves. 

The deciphering of this wonderfully intricate constitution of the 
heavens will be undoubtedly one of the chief astronomical works of the 
coming century. The primary task of the sun’s motion in space together 
with the motions of the brighter stars has been already put well within 
our reach by the spectroscopic method of the measurement of star-motions 
in the line of sight. 

From other directions information is accumnlating ; from photographs 
of clusters and parts of the Milky Way, by Roberts in this country, 
Barnard at the Lick Observatory, and Russell at Sydney ; from the count- 
ing of stars, and the detection of their configurations, by Holden and by 
Backhouse ; from the mapping of the Milky Way by eye, at Parsonstown ; 
from photographs of the spectra of stars, by Pickering at Harvard and in 
Peru ; and from the exact portraiture of the heavens in the groat interna- 
tional star chart which begins this year. 

I have but touched some only of the problems of the newer side of 
astronomy. Of the many others which would claim our attention if 
time permitted I may name the following. The researches of the Earl of 
Rosse on lunar radiation, and the work on the same subject and on the 
sun, by Langley, Observations of lunar heat with an instrument of his 
own invention by Mr. Boys ; and observations of the variation of the 
moon’s heat with its phase by Mr. Frank Very. The discovery of the 
ultra-violet part of the hydrogen spectrum, not in the laboratory, but from 
the stars. Tlie confirmation of this spectrum by terrestrial hydrogen in 
part by H. W. Vogel, and in its all but complete form by Cornu, who 
fo^nd similar series in the ultra-violet spectra of aluminium and thallium. 
The discovery of a simple formula for the hydrogen series by Balmer. The 
important question as to the numerical spectral relationship of different 
substances, especially in connection with their chemical properties ; and 
the further question as to the origin of the harmonic and other relations 
between the lines and the groupings of lines of spectra ; on these points^ 
contributions during the past year have been made by Rudolf v. Kove- 
sligethy, Ames, Hartley, Deslandres, Rydberg, Griinwald, Kayser and 
Range, Johnstone Stoney, and others. The remarkable employment of 
interference phenomena by Professor Michelson for the determination of 
the size, and distribution of light within them, of the images of objects 
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^hich when viewed in a telescope subtend an angle less than that sub- 
tended by the light- wave at a distance equal to the diameter of the 
•objective. A method applicable not alone to celestial objects, but also to 
spectral lines, and other questions of molecular physics. 

Along the older lines there has not been less activity ; by newer 
methods, by the aid of larger or more accurately constructed instruments, 
by greater refinement of analysis, knowledge has been increased, especially 
in precision and minute exactness. 

Astronomy, the oldest of the sciences, has more than renewed her 
youth. At no time in the past has she been so bright with unbounded 
aspirations and hopes. Never were her temples so numerous, nor the 
crowd of her votaries so great. The British Astronomical Association 
formed within the year numbers already about GOO members. Happy is 
the lot of those who are still on the eastern side of life’s meridian ! 

Already, alas ! the original founders of the newer methods are falling 
out — Kirchhoff, Angstrom, D’Arrest, Sccchi, Draper, Becquerel; but 
their places are more than filled ; the pace of the race is gaining, but the 
goal is not and never will be in sight. 

Since the time of Newton our knowledge of the phenomena of Nature 
has wonderfully increased, but man asks, perhaps more earnestly now 
than then, what is the ultimate reality behind the reality of the per- 
ceptions ‘f Are they only the pebbles of the beach with which we have 
been playing ? Does not the ocean of ultimate reality and truth lie beyond ? 
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The Corresponding Societies Committee of the British Association begs 
to submit to the General Committee the following Report of the pro- 
ceedings of the Confercnco held at Leeds. 

The Conncil nominated Mr. G. J. Symons, F.R.S., Chairman, Pro- 
fessor T. G. Bonney, E.R.S., Vice-Chairman, and Professor R. Meldola, 
F.R.S., Secretary to the Conference. The meetings were held on 
Thursday, September 4, and Tuesday, September 9, at 3.30 P.M., in the 
Philosophical Hall. The Delegates (numbering 36) nominated by the 
Corresponding Societies to attend the Leeds Meeting were : — 


Mr. A. Tate, C.E. . 

Mr. Win. Gray, M.K I.A. 
Mr. Charles Puiiiphrey . 

Mr. J. Kenward, F.S.A. . 
Mr. R. W. Atkinson, F.C.S. 
Mr. M. H. Mills . 

Mr. T. Cushing, F.R.A.S. 

Mr. W. Healey 


Mr. A. S. Reid, M.A., F.G.S. . 
Mr. Robert Brown, R.N. 

Prof. R. Meldola, F.R.S. 


. Belfast Natural History and Philosophi- 
cal Society. 

. Belfast Naturalists’ Field Club. 

. Birmingham Natural History and Micro- 
scopical Society. 

Birmingham Philosophical Society. 

. Cardin' Naturalists’ Society. 

. Chesterfield and IMidlaud Counties Insti- 
tution of Engineers. 

. Croydon Microscopical and Natural His- 
tory Club. 

. Cumbeiland and Westmorland Associa- 
tion for the Advancement of Literature 
and Science. 

. East Kent Natural History Society. 
fEast of Scotland Union of Naturalists^ 

. < Societies. 

f Perthshire Society of Natural Science. 

. Essex Field Club. 
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Mr. D. Corse Glen, F.G.S. 
Mr. J. Hopkinson, F.L.S. 

Provost Ross . 

His Honour Deemster Gill 

Mr. J. E. Bedford, F G.S. 
Mr. J. Stubbins, F.G.iS. . 

Mr. F. T. Mott, F.R.G.S. 


Mr. G. H. Morton, F.G.S. 

Mr. M. B. Slater, F L.S. . 

Mr. Eli Sowerbutt-^, F R.G.S . 
Mr. W. Watts, F.G S. . 

Prof. J. E. C. Munro, LL.D. 
Prof. W. Ilillhouse, F.L.S. . 

Dr. J. T. Arlidge, M A. . 

Mr. C. A. Markham, F.S.A. 

Mr. C. Hawley Torr 

Prof. G A. Lebour, ISl A., F.G.S. 

]\rr. J. Reginahl Asii worth 
Mr. A. Silva White, F.R.S.E. 

IMr. W. Andrews, F G.S. 

Rev. J O. Bevan, M .\. 

Mr. J. W. Davis, F G S. . 

Mr. W. Cash, F.L S 
Mr. C. P. Hobkirk, F.L.S. 

Rev. E. P. Knubley, M.A. 


{ Geological Society of Glasgow. 

Natural History Society of Glasgow. 

. Hertford .shire Natural History Society 
and Field Club. 
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First Conference, September 4. 

The chair was taken by Mr. G. J. Symons, F.R.S., the Corresponding 
Societies Committee being also represented by Professor T. G. Bonney, 
F.R.S., Mr. W. Topley, F.R.S., Mr. J. Hopkinson, F.L.S., and Professor 
R. Meldola, F.R.S. (Secretary). 

The Chairman proposed tliat the repoHof the Corresponding Societies 
Committee to the General Committee, printed copies of whieli had been 
distributed among the Delegates, should he taken as read. Tliis was put 
to the meeting and carried unanimously. The subjects dealt with in the 
report were then taken in order. 

Section A. 

Temperature Yariaiion in Lahes, Mivers^ and E.Hvaries . — The Chair- 
man stated that in connection with the work of this Committee, of which 
Dr. H. R. Mill was the Secretary, a large nnmher of thermometers had 

* Three Delegates ap])ointcd under the rule which empowers a Society having its 
head-quarters in the place of meeting to send up this number of reiiresentatives. 
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been distributed throughout the country, and a good deal of information 
had been collected during the year. It was proposed to ask for the 
reappointment of the Committee with a grant to enable the observations 
to be tabulated. 

Mr. William Watts stated that ho had been conducting temperature 
observations in two large reservoirs belonging to the Oldham Corporation 
during the last eighteen months. These results were included in the 
report of the Committee. Mr. Watts added that there was some pro- 
bability of the observations having to be discontinued for want of funds, 
although on his own part he was perfectly willing to carry on the work 
for another year. 

Mr. Cushing presented a record of weekly temperature observations 
taken in the River Wandle in Surrey. The temperatures were taken 
between 3 and 3.30 p.m. on Sunday afternoons, and extended from 
October 1888 to February 1890. The observations were taken at ten 
different stations, five of which arc on the Carshalton and five on the 
Croydon branch of the river. The tabulated records were accompanied 
by a statement of the mean weekly shade temperature and the rainfall for 
the previous week, both being made up to 9 p.m. on the Saturday. The 
tables were also accompanied by a sketch of the district traced from the 
25-inch Ordnance map, showing the positions of all the stations, which 
were numbered from 1 to 10, and which corresponded with the positions 
in the temperature tables as read from left to right. The river is very 
shallow, but tlui tables showed some rather large mean differences ot 
temperature. While stations 1, 8, and 9 showed respectively the mean 
differences of 15*8, lfi‘2, and 17*7^ F. ; station No. 5, where the water 
is only 18 inches deep, shows a mean yearly variation of only 0’7° F., 
while the mean variation of shade temperature during the same period 
was 38 '7® F. These temperatures were taken at from 12 to 18 inches 
below the surface with a thermometer graduated on the stem and verified 
at Kew. The observations had been taken by Mr. F. C. Bayard, an active 
Fellow of the Royal Meteorological Society and Secretary to the Croydon 
^Microscopical and Natural History Club, which Society was represented 
by Mr. Cushing at the Conference. Mr. Bayard had expressed his 
willingness to continue the observations. 

The Secretary suggested that the results presented by Mr. Cushing 
should be handed to Dr. Mill, the Secretary of the Committee. 

The Chairman, having commented on the value of Mr. Bayard’s 
observations, proceeded to state that he had recently been reducing 
experiments with respect to evaporation, which had been made during 
several years at Strathfield Tiirgiss in Hampshire, in which the ordinary 
small evaporators had been compared with a galvanised iron tank 6 feet 
square and 2 feet deej). The rough result was that the evaporation from 
the tank averaged about 15 inches per annum, while the smaller ones 
(owing to the high temperature of the water) indicated an evaporation 
considerably in excess of the truth. 

Meteorological Vhotographij — Mr. Hopkinson alluded to the success 
which had been achieved by the Committee on Geological Photography, 
of which Mr. Jeffs was Secretary, and pointed out the growing import- 
ance of photography as an aid in other branches of scientific research. 
He suggested that the idea might bo extended to meteorological photo- 
graphy, and that a Committee should bo formed for carrying out this 
object. Photography could bo advantageously applied to the investiga- 
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tion of meteorological plienomena such as the forms of clouds, lightning 
flashes, the eSecta of storms, &c. It would be the function of such a 
Committee to collect the photographs and keep a register of them, which 
would be added to from year to year. The study of the forma of clouds 
would be more satisfactory if undertaken by a comparison of photographs 
than by drawings. Mr, Hopkinson referred to the practical difficulty of 
photographing light clonds in a blue sky, and suggested that it might 
form part of the work of the Committee to investigate methods for 
effecting this object. With respect to lightning flashes he stated that 
numerous photographs had been taken, some of which were very valuable, 
but others were useless owing to the failure on the ]iart of the photographer 
to indicate the position of the plate in the camera. The advisability of 
interesting the Corresponding Societies in the work was pointed out to 
the Delegates by Mr. Ilopkinson, who also urged the special necessity of 
securing as soon as possible photographs showing the after-oflects of 
storms. It was proposed that a Committee of the ^Association with a 
small grant should be formed through Section A. If this Committee were 
sanctioned Mr. Symons and Profi'ssor Meldola would consent to serve oil 
it, and Mr. A. W. Clayden, wlio had made a special study of the 
photography of clouds and lightning flashes, would bo willing to act as 
Secretary. 

After some discussion as to the mode of procedure it was decided that 
application should be madi) through the Committee of Section A for the 
formation of a Committee on ^leteorological Photography, and that 
the application should be also suj)ported by a recommendation from the 
Conference of Delegates to the Committee (‘f Hccomraendations. 


Section C. 

Sea Coast Ero'ion. — Mr. Topley stated that the Committee appointed 
for this purpose would be glad to receive any assistance. Some of the 
Corresponding Societies had applied for forms, but nothing had as yet 
been done. Three years ago the Isle of ]\[au Society had proposed to 
take the matter in hand and form a Committee. lie believed some of the 
Yorkshire Societies were doing good work, but they had not yet received 
the results. 

Erratic Blocls . — The Kev. E, P. Knublcy stated, with reference to 
the work of this Committee, that the Yorkshire Naturalists’ Union had 
been caiTying on the records satisfactorily, and that about twenty-five 
reports had been presented during the year. These bad been sent to Dr. 
Crosskey, the Secretary of the Committee. 

Geological Photograph}/. — Mr. O. W. Jeffs stated that, through the 
action of the Ctmference of Delegates at previous meetings of the Dritish 
Association, a Committee had been appointed for collecting and reporting 
on geological jiliotographs. Very material assistance had been rendered 
to the work of this Committee by various Delegates from the several 
Corresponding Societies, many of which had sent photographs or lists of 
those that had been taken. All that had been done thus far was of a 
preliminary character, and had consisted in arranging the photographs 
which had been taken in order to select those which illustrated well- 
defined strata or sections. The work was by no means complete, and the 
report, which would shortly bo presented, showed that a very large 
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proportion of the counties of England and Wales were as yet un- 
represented. Mr. Jeffs asked those Delegates who had not yet done so to 
bring the matter before tlicir Societies, and to interest their photographic 
members in the work. The object of the Committee was to secure by 
systematic action in the various districts a series of photographs illustra- 
ting the features which geologists thought most worthy of being recorded 
in their respective localities. The only portion of England where the 
scheme had been carried out to any extent was Yorksliire. The York- 
shire Naturalists’ Union had adopted the photographic method, and had 
taken over 100 negatives. Mr. Hopkinson had brought the subject before 
the Hertfordshire Natural History Society, and ho hoped to receive 
pliotograpbs from them shortly. A large number of the photographs 
which had been received would be exhibited in the room of Section 0, 
and Mr. Jeffs invited the Delegates to inspect them. He added that the 
Committee would be glad to receive any suggestions from the Delegates. 
The counties from which photographs had been received were : — Dorset- 
shire, Cornwall (very few), Devonsliire (very few). Isle of Man (several), 
Kent, Lancashire, Montgomeryshire, Nottingham, a few from North 
Wales, Suffolk, and Shropshire, a large number from Yorkshire, and 
some from Scotland and Ireland. The list was manifestly very incom- 
plete, and he hoped that by next year’s Keport it would be considerably 
extended. Copies of the circular of instructions issued by the Committee 
were circulated among the Delegates. 

Professor Eebour asked if any steps bad been taken with respect to 
the keeping of the photographs. 

Mr. Jeffs said that this matter had not yet been discussed by their 
Committee. They inteTnded to keep the photographs until the collection 
had assumed a more complete form. A suggestion had been made to 
render some of the best examples more available to the Delegates and to 
the public, and more especially to those requiring them for educational 
purposes, by issuing them in the form of a publication, but the matter 
had not yet been properly discussed. 

Professor Bonney said that, as a member of the Committee on geo- 
logical photography, he was enabled to state that the work had hitherto 
been nei cj'.sarily of a preliminary nature, and had been carried out by the 
zeal and energy of Mr. Jeffs. The question of publication would come 
before the Committee later on, and, speaking on bis own behalf, he con- 
sidered it of great importanee that some step in this direction should be 
taken. He expressed the opinion that the best destination of the photo- 
graphs wonld bo to lodge them with the Geological Society if they would 
receive them. If an enlarged photograph were required for educational 
purposes, the negative could then be borrowed foi’ the purpose. It would, 
of course, be a year or two before the photographs would be accessible. 
When a large collection had been aecumulateil, it would be most useful 
to select some thirty or forty of the more typical examples of geological 
phenomena and to have them erdarged for pnbli- ation. Professor Bonney 
expre.ssed the opinion that, for the purposes of teaching, enlarged photo- 
graphs wonld be better than photographs taken on a large scale. 

The discussion was continued by Mr. W. Watts and Mr. Eli Sower- 
butts. The suggestin' s put forward by Professor Bonney were approved 
of, and it was pointed out that it would be desirable that the Correspond- 
ing Societies should have a list of the photograplis already sent in to the 
Committee, in order to know which were vv anted and which were not^ 
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Many members of the Manchester Geographical Society had been taking 
photographs, and in time a large number of negatives would be collected, 
which the owners would, no doubt, be willing to place at the disposal of 
the Committee if it were known that they would be safely deposited in 
some accessible place, and a record giving the source and locality of each 
negative also kept. 

Mr. Jeffs stated in reply that a list of the views which had been 
received would be kept, and also a register for entering the name of the 
person responsible for borrowing a negative. He suggested that the 
Committee might make arrangements with some photographer for pre- 
paring lantern slides from the photographs at a fixed charge, for the 
purpose of lecture illustration. With respect to the photographs taken 
by the members of the Manchester Geographical Society, Mr. Jeffs said 
that their Committee would be very pleased to receive them whenever 
they were sent. 

Mr. William Gray stated that he was interested in the subject of 
geological photography in the North of Ireland, and he approved of the 
scheme put forward by the Committee, of which Mr. Jeffs was the Secre- 
tary. He had succeeded in securing a few photographs, which were 
sufficient to show the value of the method both as applied to this subject 
and to the erosion of the sea-coast. Ho expressed the opinion that it 
would be an advantage if each Delegate were appointed as the local repre- 
sentative of the Committee in his own district, and authorised to collect 
the photographs. There were many members of his society (Belfast 
Naturalists’ Field Club) who had done a great deal of photographic work, 
but there was some amount of hesitation in forwarding negatives to the 
British Association Committee, which he thought would be got over if there 
were some person in the society directly authorised to collect the photo- 
graphs. Mr. Gray expressed his willingness to act in this capacity for 
the North of Ireland. He alluded also to the advantage of being able to 
get the photographs reproduced in the form of lantern slides, and stated 
that, if such slides were required for illustrating the physical features of 
the North of Ireland, he would bo able to see that they were supplied at 
a reasonable price. Mr. A. Tate, on behalf of the Belfast Natural History 
and Philosophical Society, expressed similar views. 

Professor Meldola pointed out that, in taking photographs of geological 
sections, in which differences in the .strata were often indicated only by 
small differences in colour, it would be an advantage to use orthochro- 
matic plates. The colour differences were sometimes so slight, that the 
differentiation of strata would be imperceptible in an ordinary photo- 
graph, and he therefore expressed the hope that the Committee in their 
schedule of instructions would see their way to recommend the adoption 
of these plates, which, although somewhat more costly than ordinary 
plates, would give such superior results as to warrant their use. 

A further discussion took place respecting the desirability of adopting 
some means by which members of the British Association, and those who 
assisted in the work, would be enabled to procure copies of the photo- 
graphs either as lantern slides, prints, or enlargements. Mr. Symons 
suggested that the best plan would be for those members requiring copies 
to be allowed the temporary loan of the negative itself, while lantern 
slides should be prepared by some recognised person under the immediate 
direction of the Secretary of the Committee. In reply to a question by 
Mr. M. H. Mills as to whether any underground photographs had been 
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taken, and if so, whether they had proved to be of any value, Mr. JejBTs 
stated that no photographs of underground sections had yet been received. 


Section D. 

Disappearance of Native Dlants. — Professor Hillhouse distributed 
nraorig the Delegates copies of the third report of the Committee on 
this subject. He stated that the report had this year been confined to 
the IN’orth of England, the Isle of Man, and to a few records from the 
southern counties of Wales. The bulk of the material had been obtained 
directly by correspondence with the local Natural History Societies. 
The Committee were cspeciallj' indebted to the Yorkshire Naturalists’ 
Union, which had formed a committee of their own, the labours of this 
committee having largely contributed to the satisfactory results which 
had been obtained. There was still a certain amount of difficulty in 
inducing the representatives of the societies, to which circulars had been 
sent, to take steps in the matter, and he expressed a hope that the Dele- 
gates would do their best to promote the objects of the Committee. 
Although the Committee had not yet come to any definite decision, he 
thought that next year’s report would probably deal with the whole of 
Wales, and possibly adjoining counties, and with the south-western 
counties of England, and Delegates from these districts were asked to 
bear this in mind. 

Professor Hillhouse then gave a resume of the report which had been 
presented, stating that it contained an account of the more or less com- 
plete disappearance from the localities mentioned therein of about seventy 
species. In some cases the disappearance had been due to natural causes — 
e.y., the encroachments of the sea on the Cumberland coast and elsewhere 
had brought about the disappearance of several littoral plants ; but in 
the great majority the handiwork of man had been recognisable. Dis- 
appearance through human agency he classified under two heads — per- 
sonal and impersonal. Impersonal action he illustrated by the results of 
building works, agricultural operations, drainage, &c., which cause con- 
stant changes in local floras. Thus the Isle of Man Brassica {B. innuensis), 
first found by the famous botanist John Kay at the Moiragh, Ramsey, in 
1670, is in danger of extirpation there, and has already been extirpated 
at Douglas by building operations ; and the commonest of the scarlet 
poppies (Pajoaver rlioms) is greatly diminishing in the county of Cumber- 
land through the gradual abandonment of cereal tillage. It is only 
incidentally, however, that these impersonal changes affect plants of 
special interest, while the personal actions of man — that is, his actions 
directed intentionally at some particular plant — have naturally their chief 
influence upon plants of peculiar interest or beauty. Here again, as in 
previous reports, it is the ‘ collecting dealer ’ whose ravages form the 
main burden of complaint. The Ladies’ Slipper orchid (Cyprtpedium 
Calceolus)^ once not uncommon in Yorkshire, Durham, and Westmoreland, 
has well-nigh succumbed, and the hillsides, banks, and hedgerows are 
being rapidly stripped of their once abundant ferns. As an example of 
the systematic way in which this is done, Professor Hillhouse instanced 
the case of the Maiden Hair (Adiantum Gapillus-veneris), which in the Isle 
of Man is regularly hunted for by men with boats and ladders, and sold 
to ‘ trippers * in the Douglas market. He thought that the local Natural 



48 


REPORT — 1891. 


History Societies might do a great deal towards persuading holiday 
makers and tourists that it is far better, far safer, and, in the long run, 
far cheaper, to buy these plants from nurserymen who grow them, than 
to incur the trouble, expense, and risk of removing them at a time when 
the conditions are so unfavourable as they are during practically the 
holiday season, and that they might do something towards restraining 
the robbers themselves. 

Mr. Hopkinson stated that nearly the whole of the ferns in his dis- 
trict (St. Albans) had disappeared within the last twenty years. He 
attributed the extermination to the London collectors and dealers, and 
added that there was a danger of such a common plant as the prim- 
rose becoming exterminated m time from the London district, as they 
were taken to the metro[)olis by cartload.s every year. 

Mr. Sowerbutts called attention to the inellicacyof the law of trespass 
in such cases, as no penalty (ian be inflicted unless damage is proved. 
He considered the woi*st depredator to be the botanical fanatic. 

Mr. Gmy did not think that the true botanist would be guilty of such 
wilful destruction. Tliey had a spechil rule among their Society that no 
rare plant should be damaged or removed. One class of offenders to be 
dealt with were the persons who, without any knowledge of the habits of 
a rare species, liked to see it growing about their promises, and for this 
reason had it removed, ff these persons were taught that it is often 
impossible for such plants to live away from their natural conditions their 
depredations might perhaps he checked. 

!^^r. M. B. Slater said that he had known many lovers of plants in his 
district (Malton) who would tramp many miles in search of a rare species. 
Although in a sense these men were botanical fanatics he did not think 
that they were the depi'cdatnr.s. It was the young beginner in the study 
of botany who, in his opinion, should be cautioned against exterminating 
any rare plant in his anxiety to procure specimens. He suggested tliat 
the best plan won Id be to endeavour to procure at the proper time a little 
ripe seed from the plant in its native habitat, and then to try and raise 
it. This would be the means of saving from destruction some of our 
greatest rarities. Mr. Slater had adopted this plan himself, and had 
growing under cultivation some of the rarer and most interesting of 
British plants. He believed the extemsion of agriculture to have been 
one great cause of the disafipearance of local species, and by obtaining 
seeds, or even in extreme cas<'.s the plants tberasclves, some species might 
be saved from destruction. Although some practical difficulties might be 
encountered, bethought that with perseverance these would be overcome, 
and the student would certainly derive great advantage from trying to 
cultivate his plants. If successful he would thus attain a far better 
knowledge of their life hisiories, as he would be enabled to watch the 
plants through their various stages of growth. 

Investigation of tiie Invprfrhrijitp Fauna and Cryptngamic Flora of the 
British Isles. — The Rev. L P. Kuubley stated that no formal report of the 
work of this Committee had been presented to the Section, but that the 
Yorkshire Naturalists’ Union had been steadily carrying on the work 
during the past year. 
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Section E. 

Mr. Sowerbutts made some remarks with respect to the scope of 
Geography, and suggested that detached papers on the geology, zoology^ 
meteorology, botany, &c., of some particular region could be regarded ns 
coming under this science, and might with advantage be read together in 
a common Section-room. The discussion was continued by Professor 
Bonney, who considered the suggestion worthy of consideration, but 
likely to meet with great practical difficulties. 


Section G. 

Flameless Explosives for use in Coal Mines . — Professor Lenour stated 
that the North of England Institute of Mining and Mechanical Engineers 
were about to make experiments on this subject. They had recently 
obtained a grant of 300^. for the experiments, but more would be re- 
quired. He appealed to other engineering societies represented at the 
Conference to co-operate in the investigation, which was of such general 
importance in mining districts. 

Mr. Mills said that the Chesterfield and Midland Counties Institute 
had not taken the matter up through their Council, but several indi- 
vidual members had been working at it, and the results would shortly be 
published. 


Section H. 

Catalogue of Prehistoric Remains. — Mr. Kenward said that the Bir- 
mingham Philosophical Society was fully alive to the importance of 
recording the few ancient remains in their district. He had done a great 
deal of work in this direction himself, and had induced others to promote 
the suggestions discussed at the Conferences at Bath and Newcastle, as 
well as to assist in carrying out the Archaeological survey proposed by 
the Society of Antiquaries.^ 

Mr. Gray stated that the Belfast Naturalists’ Field Club had taken 
the matter up in a systematic way, and would continue their co-opera- 
tion. 

At the conclusion of the Conference the Chairman remarked upon the 
advantage of being able to have at hand for reference the publications of 
the local Societies as collected by the Corresponding Societies Committee 
for the purpose of preparing the catalogue of papers which formed part 
of their annual report. He also called attention to the fact that a few of 
the older and well-known local Societies had not yet become enrolled as 
Corresponding Societies. 

Professor Meldola pointed out that this matter had already been dis- 
cussed at a previous conference (Bath, 1888) as well as by their Com- 
mittee in London. He thought that the work of the Conference of 

* The objects and mode of carrying out this survey were explained by Dr. John 
Evans, President of the Society of Antiquaries, at the Bath Conference in 1888. 
JRsport Brit. Aisoo. 1889, p. 188. (Secretary Corresponding Societies Committee.) 
1891. E 
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Delegates was now sufficiently well known, and that, although there were 
a few societies whose co-operation it would be extremely desirable to 
secure, no further approach could be made on the part of the Committee. 
It rested rather with the Delegates themselves to assist in securing tlie 
Societies in their own districts. 


Second Conference, September 9. 

The chair was taken by Mr. G. J. Symons, F.R.S., the Corresponding 
Societies Committee being also represented by Sir Rawson Rawson, 
Dr, Garson, Mr. Hopkinson, and Professor R. Meldola, F.R.S. (Secretary). 


Section A. 

Phenological Observations. — Mr. Symons made the following com- 
munication : — 

‘ Phenological observations, which may perhaps be said to have origi- 
nated with Gilbert White, although studied with care in Austria, received 
little attention in England until 1874, when the Royal Meteorological 
Society invited and obtained the assistance of Delegates from the Royal 
Agricultural Society, Royal Horticultural Society, Royal Botanic Society, 
Royal Dublin Society, and Marlborough College Natural History Society, 
who held several meetings, and eventually drew up an elaborate report, 
which, curiously enough, upon re-examining after the lapse of sixteen 
years, seems to show that practically few of the Delegates approved of 
it, although from motives of politeness they allowed it to pass. Flowering 
plants, insects, and birds were referred respectively to the Rev. T. A. 
Preston, Mr. McLachlan, and Professor Newton. Of plants the largo 
number of seventy-one were recommended for observation, of insects only 
eight, and of birds seventeen. Mr. McLachlan, Professor Newton, Mr. Bell 
of Selborne, and Professor Thiselton Dyer all expressed the opinion that 
the list should be kept as short as possible, and although Mr. Preston’s 
long list of plants was retained, it was resolved that special attention 
should be called to fifteen out of the seventy-one, by printing their names 
in capitals. 

‘ The Royal Meteorological Society undertook the cost and trouble of 
preparing and issuing the necessary forms, and from 1875 to 1888, both 
inclusive, the Rev. T. A. Preston prepared and the Society printed 
annual reports embodying the results obtained. Mr. Preston found it 
impossible to continue the work, and Mr. E. Mawley took it up and 
prepared the report for 1889. He has, however, arrived at the same 
conclusion as the authorities already quoted, and his recommendation to 
reduce and simplify the observations has been accepted by the Council of 
the Royal Meteorological Society, whicli now desires to enlist as many 
observers as possible, all of whom are to work according to the form, of 
which copies are submitted for consideration. 

‘With this view the Council of the Royal Meteorological Society 
has endeavoured to obtain the assistance of the Corresponding Socie- 
ties on the British Association list, and it is with the same object that 
I have asked permission to bring these few words before this Con- 
ference,’ 
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Mr. Cushing said that the British Association had reported on this 
eubjecb at the Cambridge Meeting in 1845, and it was then abandoned 
until the Royal Meteorological Society took it up. As Mr. Symons 
had said, the list in 1874 comprised seventy-one plants, eight insects, 
and seventeen birds. In 1883 the Society published a new schedule, 
which included seventy-nine plants, eleven insects, and twenty-one 
birds. After some years the list was reduced to thirteen plants, five 
insects, and five birds, and he asked why this reduction had been 
sanctioned. 

Professor Lebour raised the question why, among the plants, two 
species had been included which were among the most variable of British 
species ? 

The Rev. E. P. Knubley, with reference to the list of birds, said that 
the swallow had been included, but a large number of persons did not 
know the difference between a swallow, a swift, and a martin. It 
occurred to him that it would be better to insert the sand-martin in its 
place, because it was likely to arrive the first of the three. The nightin- 
gale, also included in the list, for all practical purposes ceased in the 
south of Yorkshire. The only places it had appeared so far north were 
in the neighbourhood of Doncaster, Leeds, and Harrogate. It had oc- 
curred at Scarborough once, and it might perhaps be heard near Harro- 
gate every three or four years. He suggested whether for this bird it 
would not be better to substitute the chiff-chaff, the willow wren, or the 
redstart, which arrive about the same time and are of the same class. 
This remark applied also to the West of England, where the nightingale 
is unknown, and he thought that it would be better to have a bird which 
extended all over the country. 

Mr. Symons said that the nightingale was not included in the first 
schedule, but there was a strong feeling that the list of British birds 
would be incomplete without it, and it was therefore eventually inserted. 
He saw no reason why it should not stand, because he understood that 
the list represented only the minimum, and not the maximum, of species 
which might be recorded. 

After some remarks by Sir Rawson Rawson and Mr, Corse Glen, 

Professor Hillhouse called attention to the list of plants. He said 
’there was a manifest objection to the free use of hedge plants, because 
the body of the hedge was often so protective that there might be two 
observers in close proximity watching the same species and yet quite 
different dates might be entered, because of the prevailing direction of 
the wind at the season. In the next place, with regard to Cratcegus 
oxyacatdha, they would not unfrequently find those plants which grew 
near or in the hedge flowering ten days before the normal period. He 
knew of two plants which were two forms of this species which grew 
side by side with interlacing branches, tlie periods of flowering differing 
by from seven to fourteen days. These were growing at the back of 
Trinity College, Cambridge. With respect to Rosa canina, he was not 
sure which of the eighteen to fifty forms could be identified with this 
name, but their flowering period extended over something like seven 
weeks. The records for this plant would, therefore, be very conflicting. 
Professor Hillhouse further suggested the advisability of omitting from 
the schedule the words : * If, unfortunately, the first flowering be missed 
for a day or two, the observer is requested to give the estimated date of 
.first flowering and to place an asterisk against the entry.’ He was of 

B 2 
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opinion that botanists would like to see this clause omitted, and that only 
actual observations should be recorded. 

Mr. Symons, in concluding fche discussion, stated that he had brought 
the matter forward on behalf of the Royal Meteorological Society, and 
as a meteorologist rather than as a naturalist. At the same time, the^ 
subject was one of equal importance to naturalists and meteorologists, 
and he expressed his thanks to those who had given hints and made 
remarks with the object of getting the observations made in the best 
possible way. He expressed a hope that the Societies represented at the 
Conference would be induced to assist in carrying on the work.* 

Temperature Variation in Lakes, Rivers, and Estuaries . — Professor 
Meldola read the following communication from Dr. H. R. Mill, the 
Secretary of the above Committee : — 

‘ The Committee has to thank the following local Societies for their 
assistance in obtaining observations, and to state that the work of Society 
observers is, as a rule, more regular and more accurate than that of 
isolated volunteers : — 

‘ Manchester Geological Society, Grantham Scientific Society, Roch- 
,dale Literary and Scientific Society, Bristol Naturalists’ Society, Cardiff' 
Naturalists’ Society, Burton-on-Trent Natural History Society, East 
Kent Natural History Society, Marlborough College Natural History 
Society, Northampton Natural History Society, Dumfries and Galloway 
Natural History Society. 

‘ Several other Societies applied for information, and would have- 
taken part in the work had there been a suitable river or lake in their 
neighbourhood. 

‘ It is desirable that the Societies already engaged in observations 
should continue to make them for another year with as much regularity 
as possible. Those which have not already taken it up will not be urged 
to do so, as a sufficiency of data for the purposes of the Committee is- 
now in course of being secured.’ 

Meteorological Photography. — Mr. Hopkinson reported that the forma- 
tion of a Committee for this purpose had been sanctioned by the Com- 
mittee of Section A, and the form had been forwarded to the Committee 
of Recommendations.^ 


Section C. 

Professor Lebour stated that he had been asked to represent the* 
Committee of this Section and to bring under the notice of the Delegates 
the following list of Committees recommended for appointment : — 

1. Erratic Blocks , — The work of this Committee bad been explained 
at former Conferences, and the co-operation of those Corresponding: 
Societies which had not yet taken part in the observations was invited. 

2. The Geological Record ,' — The continuation of this work had been 
recommended and a grant had been asked for to assist in carrying on its 
publication. 

• Mr. Symons distributed copies of the schedule at the meeting. They can be* 
had on application to Edward Mawley, Esq., Rosebank, Berkhampstead, Herts. 

* The Committee, consisting of Mr. G. J. Symons (Chairman), Mr. A. W. Clayden 
(Secretary), Professor Meldola, and Mr. J. Hopkinson, has been appointed with a 
grant of 51 . for preliminary expenses. (Secretary Corresponding Societies Com- 
mittee.) 
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3. Underground Waters. — The work of this Committee had also been 
several times brought before the Delegates, and the Secretary, Mr. De 
Ranee, was present to give any further explanations. 

4. Exploration of Oldhurif Hill. — The exploration of this ancient 
earthwork, near Ightham, in Kent, had been recommended, with the 
special object of examining the supposed ‘ rock-shelters,^ A committee 
had been formed for the purpose of carrying on excavations. 

5. Geological Photography. — This Committee, of which Mr. Jeffs was 
secretary, and the work of which had been discussed at the last meeting, 
had been recommended for reappointment with the addition of two 
-names. 

6. Northamptonshire Lias. — A committee for collecting and registering 
the fossils of this formation had been recommended for appointment, and 
excavations had already been commenced. 

7. Sea-coast Erosion. — This Committee, the objects of which had been 
explained to the Delegates on former occasions, and of T^hich Mr. Topley 
was Secretary, had been recommended for reappointment. 

8. Ttegistraiion of Type Sj^ecunens. — A recommendation had also been 
sent in for the appointment of a committee for reporting on type speci- 
mens in museums, an important subject, in which great assistance might 
be rendered by the local Societies. 

9. Earth -Tremors. — This Committee, which had been referred to at 
former Conferences, had been recommended for reappointment, with 
]Mr. Davison as Secretary. Professor Leboiir explained that his occupa- 
tions left him no leisure for acting any longer as Secretary to this Com- 
mittee. 

10. Exploration of Elholto7i Gave. — A committee had been formed for 
tlio excavation of tliis cave, which was near Skipton, and in which relics 
of human occupation had already been found. Some of the local Societies 
in Yorkshire might iissist in the investigation. 

11. Source (f the River Aire.— The object of the Committee appointed 
for the purpose of investigating this subject was to ascertain, if possible, 
by means of the coal-tar colouring matter, fluorescein, whether the water 
which flows out of Mai ham Tarn and disappears down a ‘ water sink ^ to 
the south of the Tarn is the stream which emerges at Malham Cove or 
Aire Head, or at both these places. The use of the dye for this purpose 
had been suggested by Professor Meldola to Professor S. P. Thompson, 
and the latter had brought the subject before Section C in the form of a 
paper with the object of having a committee appointed for the purpose of 
■carrying out the experiments. It had been suggested that the method 
might be found generally useful for investigating the course of under- 
ground waters, as a very small trace of the dye produced an intense 
green fluorescence, and had not the slightest injurious effect upon the 
water. 

Mr. C. E. De Ranee, who had also been requested to act as a represen- 
tative of Section C, made somo remarks with respect to the work of the 
Underground Water Committee. The latter had been appointed in 1874 
and had just presented their sixteenth report. The objects of the Com- 
mittee were to inquire into the subject of underground water with a view 
to supply from wells or springs. A form of inquiry had been prepared 
in which questions were asked respecting the quality, quantity, and level 
of the water. They were particularly anxious to secure records of the 
water level extending over long periods of time ; they had reason 
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to believe that many sets of observations of the level in wella and 
springs had been made daily or weekly during past times, and the 
Committee thought it highly important to secure these old records if 
possible. 

The work of the Coast Erosion Committee, which was appointed in 1882, 
had been carried on with important results, and much information had 
been derived from a study of old charts to which the Committee had been 
enabled to get access. The Committee on Erratic Blocks, of which Dr. 
Crosskey, of Birmingham, was the Secretary, was appointed in 1871 with 
the object of recording the exact positions of the more important boulders 
and, if possible, of entering these positions on the Ordnance map. Copies 
of these maps should be kept by the Societies taking part in the work, and 
copies should also be sent to the British Association Committee. It was 
important also to have a microscopical examination of sections of chips 
from the boulders made by competent geologists, so that the probable 
sources of the boulders might be ascertained. Another point in connec- 
tion with this subject, in which the Corresponding Societies might exert 
their local influence, was that the boulders where they occurred should 
not be left to the mercy of the stone-breaker, but should be preserved. 
This applied especially to public parks or gardens, where the local Socie- 
ties might well use their influence with the Corporations to induce them 
to have the boulders preserved and even placed in prominent positions,, 
where they might be readily accessible and at the same time secure from 
danger of demolition. 

With reference to the publication of the ‘ Geological Record,* Mr. De 
Ranee had been requested by Mr. Topley to bring the subject prominently 
before the Delegates. The work was instituted, as was well known, by 
Mr. Whitaker in 1874, and entailed a large amount of unremunerated 
labour. The number of copies sold was insufficient to meet the cost of 
publication, notwithstanding the grant made by the British Association, 
and unless more subscribers could be secured the publication would have 
to cease. The ‘ Geological Record ’ Committee took the opportunity of 
appealing to the Delegates, and Mr. De Ranee on behalf of the Commith'e 
asked them to make known the character and scope of the work in order 
to increase the list of subscribers. Circulars for this purpose were dis- 
tributed among the Delegates. 

Professor Meldola made some remarks with reference to the proposed 
method for investigating the source of the Aire, after which he stated 
that he liad been requested by Dr. Cro.sskey to render the thanks of the 
Erratic Blocks Committee to the Corresponding Societies for the aid 
which they had already given, and to express a hope that their assistance 
would be continued. Dr. Crosskey bad forwarded for inspection a copy 
of a paper on the boulders of the Midland district, by Mr. E. W. Martin, 
F.G.S., read before and published by the Biimingliam Philosophical 
Society. This paper was accompanied by a map of the Midland District 
on the scale of two miles to the inch, and was considered by the Erratic 
Blocks Committee to be an example of the method of investigation which 
would yield the best results in this inquiry. In this paper attention had 
been paid to distribution of the erratics, their grouping and various levels, 
their mixture with or freedom from local blocks, as well as to the import- 
ance of di.se rimiiiating between erratics distributed without regard to 
local hills and tlioso that are gathered together in the valleys at present 
existing. A copy of the last report of the Committee will be forwarded! 
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on application to any address sent to Dr. Orosskey, and a few copies 
of the map are also to be had by those Societies taking part in the 
work.* 

Mr. J. W. Davis stated, with respect to the work of the Committee 
for investigating the source of the Aire, that some five or six years ago 
Mr. Walter Morrison, M.P., and several members of the Yorkshire 
Naturalists’ Union, tried a number of experiments with aniline dyes, 
similar to that proposed by Professor S. P. Thompson, but they had 
all failed. 

Mr. Gray made some remarks with reference to the method of induc- 
ing the Corresponding Societies to take up the work of the various 
Committees. He thought that much force would be given to the represen- 
tations made by the Delegates to their Societies if the Committees which 
required the co-operation of the local Societies would send copies of their 
reports to and communicate directly with those Societies, pointing out 
that the work suggested by the Delegate was of real use and likely to be 
valuable to the Committee in carrying out the objects of the British 
Association. The Belfast Naturalists’ Field Club, for example, had no 
Committees on Erratic Blocks or on Coast Erosion, but if these Association 
Committees sent their reports and a request for assistance he felt sure 
that many members of their Society would be glad to take these 
matters up. 

The Chairman, Mr. De Ranee, Mr. Hopkinson, and Mr. Corse Glen 
spoke in favour of Mr. Gray’s suggestion. 


Section D. 

Professor Hillhouse stated that no new committees had been appointed 
this year by their Section which had any bearing on the work of the 
Corresponding Societies, 


Section E. 

Teaching of Geography in Primary Schools. — Mr. Sowerbutts said that 
the Committee of this Section bad had under consideration the teaching 
of geography in j)rimary schools. He had undertaken to draw up a 
report on this subject with refei'ciice to the action of the local authorities, 
and especially so I’ar as concerned his own district in Lancashire. The 
object of the report wmuld be to make known how far the Government 
grant apportioned for technical education or allied purposes was made 
use of for the teaching of geography. His own experience went to show 
that the subject was much neglected, and he invited Delegates from other 
parts of the country to give information by sending in School Board 
reports or reports of municipal authorities dealing with educational 
matters, so that he might be able to present a fairly complete report to 
the Committee next year. He hoped by this means that pressure might 
be brought to bear upon the Government in order to have justice done 
to a subject of such importance. 

' Tlie palmer referred to appear.s in the Proceed mgs of the IHrminghnin Philoso* 
phical Sooutj/, V(j 1. vii., ]"art 1., 1890. Dr. CiOb^koN’t. address is 117 Gough Boad^ 
Birmingham. 
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Section H. 

Committee of Aid for Anthropological Excavations, — Dr. Garson called 
attention to the existence of a Committee of Aid formed by the Anthro- 
pological Institute, and the purpose of which had been explained at last 
year’s Conference of Delegates. He stated that every year there were 
many people who were desirous of carrying on, and who did sometimes 
carry on, investigations of this kind, but unfortunately discretion was not 
sufficiently mingled with the zeal displayed. This was, no doubt, due to 
an imperfect knowledge of the method of conducting such investigations. 
Owing to this want of knowledge a largo amount of valuable material was 
often destroyed. For the purpose of aiding by direction or otherwise the 
exploration of ancient remains, a committee had been appointed in 1888 
by the Anthropological Institute, the chairman of this committee being 
General Pitt-Rivers, the Inspector of Ancient Monuments. Local Societies 
would find it to their advantage if they would report to the committee ot 
the Anthropological Institute when they were desirous of undertaking 
explorations. Due attention would be given to their applications, and, if 
thought desirable, the matter would be placed in the hands of some 
expert member of the Committee, every member of the latter being in 
some way a specialist; so that local exploring committees could have any 
assistance they required in the way of skilled advice in opening up 
barrows, earthworks, camps, Ac. 

Prehistoric Remains Committee. — Mr. J. W. Davis said that this Com- 
mittee, of which he was the Secretary, was appointed in 1887. Since 
then four reports had been presented, which varied much in length, but 
of which the interest and importance had been well kept up. He e.xpressed 
his conviction that if the various Corresponding Societies wmnld take up 
the work the subject would become of the very greatest importance to the 
country generally. What was wanted was a record of everything that 
had reference to prehistoric man, his dwellings, implements, pottery, &c. 
A goodly number of reports had been promised, but it appeared that in 
many instances their compilation took a considerable amount of time. 
He hoped that next year they would present a much longer list than that 
which had been presented to the Section this year. Dr. Munro had pro- 
mised a list of the lake dwellings of the British Isles; and, amongst others, 
Mr. Gray, who represented the Belfast Society, had promised to send a 
one-inch map with the ancient remains in Ireland marked upon it. If 
they could get a complete map of the whole country similarly marked, 
this map, which would be the property of the British Association, would 
be of the very highest value, and the Committee w^ould have accomplished 
most important work. He trusted the Delegates would inform their 
Societies what had already been done and what still remained to be done, 
so that they might be able to enlist the services of others who were 
interested in Archaeological research. 

At the conclusion of the business a discussion took place with reference 
to the best method for imparting to the Corresponding Societies through 
the respective Delegates a knowledge of what had taken place at the 
Conferences, Mr. Hopkinson suggested that each Delegate should read 
a]paper before his Society, giving an account of the line of work taken 
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up by the various Committees, and that this paper should be published in 
the Society's Transactions or Reports as soon as possible. He distributed 
among the Delegates a paper of this kind which he had brought before 
the Hertfordshire Natural History Society.^ 

Another question raised was the advisability of in some way bringing 
into relationship with the British Association those Societies which did 
not come up to the standard of excellence for enrolment as Corresponding 
Societies. It was stated that there were a large number of smaller 
Societies doing good work, but which were not in a position to publish the 
results of original investigations or to issue a publication. It was felt 
that much good would be done to these Societies if they could be affiliated 
by some means, and allowed to take part in the meetings of the Con- 
ference, perhaps without having the privilege of sending a Delegate to the 
General Committee or of receiving gratuitously a copy of the annual 
volume of Reports. The matter was referred to the Corresponding 
Societies Committee for their consideration. 

On the motion of Professor Lebour, seconded by Mr. J. W. Davis, a 
vote of thanks was passed to the Chairman, Mr. Symons, and to Professor 
Meldola, the Secretary of the Conference. 

With reference to the last point raised at the Leeds Conference, the 
Corresponding Societies Committee has to report that, after considering 
the question referred to, it is recommended that the attendance at the 
Conferences of representatives of local Societies which are not Corre- 
sponding Societies should be sanctioned on the understanding that these 
representatives are not actually enrolled among, and do not receive the 
privileges of, authorised Delegates. The Committee has also authorised 
its Secretary to supply any local Society which may apply for them 
with copies of the reports of the Conferences, the lists of Committees, and 
other information likely to be of use in furthering local scientific investi- 
gation. 

The Committee has received application from all the Societies now 
enrolled, and recommends their retention. It is further recommended 
to the General Committee that : — 

1. The Somersetshire Arch roologi cal and Natural History Society, 

2. The South London Microscopical and Natural History Society, 

3. The Tyneside Geographical Society, 

4. The Yorkshire Philosophical Society, 

should be enrolled as Corresponding Societies of the British Association. 

* This plan has been adopted in former years by the Delegates of the Manchester 
Geographical Society, the Isle of Man Natural Kibtory Society, the Essex Field Club, 
and the Yorkshire Naturalists’ Union (Secretary Corresponding Societies Committee). 
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Report of a Committee^ consisting of Messrs. J. Larmor and 
Gr. H. Bryan, on the present state of our knowledge of Thermo- 
dynamics^ specially with regard to the Second Law, 

[Ordered by the General Committee to be printed among the Reports,] 

Part I. — Researches relating to the connection of the Second Law 
WITH Dynamical Principles. Drawn up by G-. PI. Bryan. 

Litroduction. 

1. The present report treats exclusively of the attempts that have 
been made to deduce the vSecond Law of Thermodynamics from purely 
mechanical principles. 

Before considering the several methods in detail it may he well to sum- 
marise the meaning of the various terms which enter into the mathe- 
matical expressions of the laws of thermodynamics, with a view of showing 
more fully what conditions must be kept in view in establishing the 
dynamical analogues. This has been done more or less fully by several 
authors of papers on the subject, but more especially by von Helmholtz 
in his paper on the ‘ Statics of ^Eonocyclic Systems.’ ' The substance of 
this paper will be dealt with more fully later on in the present Report, 
but we will now mention the principal points touched on in the introduc- 
tion. 

2. Mf^anwff cf thr Second Lmv. — Let a quantity dQ of work in the 
form of heat be communicated to a body wliose absolute temperature is 0. 
Let P] be the internal energy of the body, dW the work done against 
external forces by the change in the couhguration of the body which 
takes place daring the addition of JQ. It is not assumed that the 
external forces are conservahve. 

Then the P^irst and Second Laws are expressed by the equations 

,/Q=JE4-d,W (1) 

(/Q = ^dS (2) 

where dS is a perfect dififereniial of a quantity S, called the loitropij, whose 
value depends only on the state of the body at the instant considered. 

The essential principle involved in the Second Law does not lie solely 
in the fact tliat JQ has an integrating divisor 0. In fact, if we assume 
that the state of a body is completely defined by two variables x and y, it 
must always be possible to put dQ in tlic form 

d(i=^Wx-\-^dy, 

where M, H are functions of x and y only. And it is always possible to 
find an integrating factor for an expression of this form. 

Moreover, if one integrating factor can be found for dQ, an infinite 
number of such factors can be found. For in equation (2) let s be any 
arbitrary function of S ; then we may write the equation in the form 

dq=e'^f-ds. 

ds 

Crellc, Jovrnaly \ol xcviii. 



86 BEPOiiT — 1891, 

Hence if 

’-"f W 

we have 

dQ=7)ds ...... (4) 

so that 7) as well as 0 is the reciprocal of an integrating factor of dQ, or, 
as we may call it, an ‘ integrating divisor ’ of dQ. Since dSjds may be 
regarded as a function of S, we see that the product of the temperature 
into any arbitrary function of the entropy of a body is an integrating 
divisor of dQ, and therefore possesses properties analogous to d in equa- 
tion (2). 

Hence the absolute temperature 6 is not fully defined by equation (2), 
and the Second Law of Thermodynamics is not, therefore, completely 
proved by the establishment of an equation of this form. 

3. It is, therefore, necessary to take into account the other property by 
which temperature is characterised, namely, that heat ahvays tends to pass 
from a body of higher to one of lower temperature^ and in particular that 
if two bodies in contact have the same temperature there will be no transfer- 
ence of heat between them. 

The Second Law of Thermodynamics consists in the fact that among 
the integi'ating factors of dQ there is one whose reciprocal, d, possesses 
the properties of temperature just mentioned. 

4. But, nevertheless, without considering the properties of thermal 
equilibrium between difierent bodies we derive one very important infer- 
ence from equation (2) ---namely, that the thermal condition of a system 
whose parts are in thermal equilibrium can be completely defined by a 
single coordinate, or, in other words, that the consideration of thermal 
phenomena only adds one to the total number of coordinates otherwise 
required to fix the state of a dynamical system. 

5. Impossibility of a Perfectly General Mechanical Proof. — To reduce 
the First Law of Thermodynamics to the principle of Conservation of 
Energy it is only necessary to assume that heat is some form of energy ; 
no hypothesis is required as to what particular form this energy takes. 
It was natural, therefore, that physicists should at a very early date 
endeavour to reduce the Second Law in like manner to a purely dynami- 
cal principle, and the principle of Least Action naturally suggested itself 
as the probable analogue of Carnot’s principle. But here a limitation at 
once arises f^om the necessity of giving a dynamical meaning to dQ, the 
energy communicated to the system in the form of heat, and of separating 
dQ from — dW, the energy communicated in the form of mechanical 
work. 

6. This limitation requires that some special assumption shall be made 
regarding the nature of heat, and the natural and almost inevitable 
assumption is that every finite portion of matter is built up of a very 
large number of elementary portions, called molecules, and that the*form 
of energy known as Heat is due to the relative motion of the molecules 
among themselves. 

But, further, these molecules must be characterised by some peculiar 
property, such as their (practically) infinitely largo number whereby 
their dynamical properties differ in some manner from those of a finite 
number of particles or rigid bodies. For without such a distinction it 
would be impossible to deduce any dynamical equations involving dQ, 
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the work performed on the system through the coordinates defining the 
positions of the molecules and not involving —dW, the work performed 
through the coordinates determining the external configuration of the 
system. The two portions of the work could only enter together into the 
equations in the form tZE. 

In other words, it is impossible to deduce the Second Law of Thermo- 
dynamics from purely mechanical principles without making some 
axiomatic assumption regarding the nature of the molecules whose motion 
produces the phenomenon of heat. 

7. The question now arises as to what dynamical quantity represents 
temperature. We have good reasons for believing that, in gases at least, 
the absolute temjjerature is proportional, either to the total mean kinetic 
energy, or to the mean kinetic energy of translation of the molecules. 
But if this or indeed any other hypothesis bo adopted it will be necessary, 
before the meclianical theory of heat is complete, to prove that (1) the 
molecular kinetic energy is an integrating diviso’r of dQ ; (2) it deter- 
mines the thermal state of a body in relation to other bodies. 

Most of the earlier writings are concerned only with the first property. 
But a complelo meclianical proof of the Second Law would involve a 
mechanical definition of temperature applicable to all kinds and states 
of matter, together with an explanation on dynamical or statistical laws 
of the principle of degradation of energy in non-rcversiblc processes; and 
we are still far from arriving at a satisfactory solution of either of these 
problems. 

8. It will be convimient to classify the methods by which the problem 
has been attacked as follows, under three headings corresponding to the 
three different fundamental hypotheses which nnilerlie them : — 

I. The Hypothesis of ‘ Stationary * or ‘ Quasi-Beriodic ’ Motions as 
adopted by Clausius and Szily. 

II. The Hypothesis of ‘ Monocyclic Systems ’ of von Helmholtz, and 
similar hypotheses. 

III. The Statistical Hypothesis of Boltzmann, Clerk Maxwell, and 
other writers on the Kinetic Theory of Gases. 

9. Rankine seems to have been the first who attempted to deduce the 
Second Law from dynamical principles. As early as 1855 he published 
a paper ‘ On the Hypothesis of Molecular Vortices,’ * in which he obtained 
eciuations analogous to those of thermodynamics; and in a paper read at 
the British Association in 18G5 he explained the Second Law on the 
hypothesis that ‘ heat consists in any kind of steady molecular motion 
within limited simcc,’ such as tliat due to circulating streams. Both of 
Rankine’s hypotheses are special cases of Helmholtz’s ‘ Monocyclic 
Systems.’ 

Boltzmann seems to have been the next to take up the subject, but his 
claim to priority has been disputed by Clausius, whose investigations 
appeared about five years later. Boltzmann was undoubtedly the first to 
regard the subject from a statistical point of view. 

Szily laid claim to the discovery of the connection of the Second 
Law with Hamilton’s Principle of Least Action, and he may fairly be 
entitled to the credit of having propounded this connection. But most 
of his early investigations are not only wanting in rigour, but in many 
cases so inaccurate that they do not 'prove the connection at all. 


Phil Mag. 1855, pp :}54, 411. 


= Ibid. 1865, p. 241. 
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Clerk Maxwell’s theorem, named after its discoverer, was the first 
attempt at a kinetic analogue of thermic equilibrium. It was generalised 
by Boltzmann, and afterwards further generalised by Maxwell himself ; 
but the latter extensions arc probably incorrect, as wo shall see here- 
after. 

Having thus briefly mentioned the earliest researches on the present 
subject, let us turn to a consideration of the papers themselves, beginning 
with the writings of Clausius and Szily. 

Section 1. -The Hypothesis of Stationary or Quasi^Per iodic Motions. 

10. Glausins and Szily. — In 1870 Clausius showed that when a sys- 
tem of particles is in stationary motion, the mean vis viva of the system 
is equal to its virial.* About a year later he gave a proof of the Second 
Law, based on the laws of motion, in a paper entitled ‘ On the Second 
Axiom in the Mechanical Theory of Heat.’ - The methods of proof 
employed by Clausius in this paper arc very laborious and complicated, 
while his arguments are artificial and, in places, not very intelligible. 

Soon after Clausius’ paper had aj)pearcd, Szily endeavoured to show 
that ‘ what in the mechanical theory of heat is called the Second Law is 
nothing other than Hamilton’s Principle of Least Action.’ The proofs 
which Szily gave are, in many places, quite at varianet*, not only with 
the princiides of dynamics, but also oven with the laws of Thermo- 
dynamics themselves. Thus ho repeatedly mistook JE for ^/Q, and tried 
to show that '/E/T is a complete difterential (a result not in general 
true) ; moreover, in endeavouring to account for the principle of degra- 
dation of energy in a non-rcversible cycle, he altogctlicr ignored the First 
Law, and supposed some of the molecular energy of tlie sy.stem to be 
actually lost or annihilated by friction, viscosity, or impiuTeot elasticity 
of the molecules, or by otlier similar resistances. In consequence be had 
to employ methods of proof that were far from rigorous, and even, in 
many instances, illogical. 

Szily ’s papers seem, ho\vever, to liave had one good effect — namely, 
that of stimulating Clausius to remodel his investigations in a simpler 
and more intelligible form. Those who care to exarnino the original 
papers of these writers will find them translated in the volumes of the 
‘Philosophical Magazine ’ from 1H7I to about I87fi. Among them is a 
paper by Szily,* in which he claimed to have deduced the Second Law- 
from the First ‘ wnthout any further hypothesis whatever.’ Yet Szil> 
based this investigation on hvo hypotheses which are hardly more 
axiomatic than Carnot’s principle. 

11. Clausius' Methods. — It would be useless to enter into farther criti- 
cism. We now proceed to give a proof of the Second Law based on 
the methods of Clausius, wdth the object of bringing into prominence the 
more salient features of his investigations, and of presenting them in a 
concise form. 

The assumptions which form the basis of Clausius’ proof may be stated 
as follows : — 

(i.) In the steady or undisturbed state of the system the motion of 
the molecules shall be stationary or quasi-period ir ; in other words, the 
potential and kinetic energies of the molecules shall fluctuate rapidly 

* Phil. May. vol. xl (1870), p. 122. Thid. vol. xlii. (1871) (September). 

* Ibid. vol. xliii. (1872), p. 339. * Ibid. V. .Meries, vol. i (187G), p. 22. 
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about their mean values, and there shall be one or more ‘ quad-periods* 
satisfying the definition which will be given in the course of the proof 
(equation 13, mfra). 

(ii.) When the state of the system is changed (as by the communica- 
tion of heat or by changes in the volume or external configuration of a 
body), such changes shall be capable of being treated as small variations 
of the motion from the state of steady motion. 

Helmholtz, in his paper on Monocyclic Systems, makes a similar as- 
sumption—namely, that the changes in the state of the system shall take 
place so very slowly that the motion of the system at any instant differs 
infinitesimally little from a possible state of steady motion. This is the 
exact equivalent of the assumption always made in treating the Second 
Law from a physical point of view — namely, that heat is communicated 
to or taken from the working substance so slowly that at every instant 
of tlie process the temperature of the body is sensibly uniform through- 
out. 

12. With these assumptions, let the positions of the molecules be 
determined in the first instance by the Cartesian coordinates (ir, y, z) of 
the particles (vf) forming them. 

Suppose that the state of the system also depends on the values of 
certain other coordinates, y>,, <fec., which, as suggested by J. J. Thom- 
son,* we shall call the ‘controllable coordinates’ of the system ; to this 
class belong the volume of the body, the charge of electricity present 
oil it, or any coordinates which can be acted on directly from without. 
The values of these latter coordinates will enter into the expression for 
the potential energy of the system. 

Let T=kinetic energy of system = .\ ^2). 

V=ipotential energy. 

E=total energy = T-hy. 

In Thomson and Tait’s ‘ Natural Philosophy,’ part i. § 327, it is 
shown that 

sj* 2Tdf=|^2ni(./'8.^’-hyS?/ -h| jsT — ^??i(a-8.i:-|-2/8y + 28 ^r)| (5) 

But by D’Alembert’s Principle we always have for the motion of the 
system 

2 { ("'■“+ (■'"“"+ al) 

whence 

(rS.i' -f i/Sy zSz) = — ^ (|)^. 

Now, Y is a function not only of tlie molecular coordinates (a;, y, z) 
but also of the controllable coordinates pi, P 2 , • • • and these latter are 
also liable to variation. Hence for the complete variation of Y we have 



AjyplicaiioTts of Dynamics to Physics and Chemistry, p. 94. 
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Here the terms 




) 


represent the work done on the system by variation of the controllable 
coordinates — i.e., the external work performed on the system. Hence, if 
BW denote the external toork performed bt/ the system, as in § 2, we have 

^dV 

(8) 

Substitnting in equation (5) from (b), (7), (8), in succession, we have 

sj'“2TO=|^;^)H(i8.<; + ^% + iS-)J''+j'’(ST + SV4-3W)(/i . (9) 


But if 8Q represents the variation of energy communicated through the 
molecular or uncontrollable coordinates, we have, by the Principle of Con- 
servation of Energy' (equation 1), 

Therefore (9) gives 

2TJ/=j^Vm(.t’3.r + ]/dy +j BQdt . . (10) 


Let t 2 — i\=l, and let mean values with respect to the 
cated in the usual way by a vinculum drawn over them, 
equation (10) may be written 

3(2iT) = |^2w(r8.rd- + +i . '3() 

whence 

8Q _ 8(2iT ) _ [2 + '/% + - , 

t “ ' /r " * Vt 


time be indi- 
then the last 


• (11) 


• (12) 


Hence, if we assume the quasi-period i to be defined, as postulated 
(assumption 1), by the relation 

+ + 

we shall have 

^=— 2log (iT) = 8 log (iT)2 . . (14) 

13. Equation (14) is analogous to the thermodynamical equation (2) 
when written in the form 

the mean kinetic energy of the molecules T taking the place of the 
absolute temperature 0. 

Thus Carnot’s principle is proved for reversible transformations, pro- 

* This step was omitted by Szily, who fell into several errors in consequence, and 
it is not explicitly mentioned in Clausius’ writings. 
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Tided that the absolute temperature of a body is proportional to the mean 
kinetic energy of its molecules taken over a quasi-period of their motion. 
But to complete the proof it would still be necessary to show that a 
quantity proportional to the mean kinetic energy of the molecules fulfils 
the properties of temperature stated in § 3. The investigations on this 
point will be considered in Section III. 

The hypothesis that the quasi-period i is very short compared with 
the time required to communicate a finite quantity of energy through the 
molecules is tacitly involved in our regarding 8Q as a small variation. 
On this hypothesis the value of T will vary very slowly, and T may 
therefore be regarded as a continuously varying function. Hence, in 
considering what takes place over a considerable number of quasi-periods, 
we may replace the sign of summation by that of integration, and thus 
obtain 

pcZQ _ ^ 8Q _ iy I /.mT 2 

Jt ^ "/iT, 

the suffixes 1, 2 referring to the initial and final state of the body. 

14. The hypotheses involved in the definition of the quasi-period i by 
means of equation (13) call for some comment. In his paper ‘ On a New 
Mechanical Theorem relating to Stationary ^Motions,’ * Clausius gives a 
rather more general form of the theorem, in which he supposes that there 
may be different quantities i corresponding to different molecular co- 
ordinates ; but in this case it seimis to be necessary, according to him, 
that in the varied motion all the /’s shall be altered in the same ratio. If 
such is assumed to be the case, 8 log i will be the same for all. Hence 
we shall obtain for the portion whose quasi-period is i 

8Q=2T8 log / + 28T, 
and, therefore, for the whole body 

^ 8 Q=: 2 ^T. 81 og i-f 28 :ST; 

or, if we remove the signs of summation and let the quantities refer to 
the entire system, 

8Q=2TS log /4-28T, 

whence 

tJ,'*=28(logiT) (14) 

as before. 

If wo assume that each molecular coordinate (.r, for example) always 
fluctuates in the same periodic time q so that the corresponding velocity 
X vanishes at the times /, /i+2/, &c., then the relation defining 

the corresponding f, 



will be satisfied identically, and there will be no difficulty about the 
matter. When, however, the molecular motions do not possess even this 
amount of periodicity, Clausius gets over the difficulty by arguments of 
the following general nature : — If we are dealing with a body of finite 

* Phil. Mag. vol. xlvi. (187.3), p. 236. 
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dimensions, the molecnlar coordinates (.t, y, z) must fluctuate between 
certain finite limits, and hence Sa?, Si/, 8z, cannot increase indefinitely with 
the time. Hence by taking the time ^ sufficiently large we must have 
ultimately 

^ m {.i'8x 4- ij^y + 

: ^ = 0 (15) 

since the mnnerator does not increase indefinitely with i. 

Now, it appears to me that the statements printed in italics are open 
to objection. There is no reason why 8.i’, Sy, should not increase con- 
tinually with the time until they can no longer be regarded as small’ 
variations^ and it seems highly probable that tliis will happen under 
certain circumstances. Take, tor example, the case of a gas formed of a 
number of hard spherical molecules colliding with one another, the 
lengths of the mean free paths being great compared with the radius of 
each sphere. If the direction of motion of one of these spheres be varied 
very slightly, then at the next impact there will be a considerable altera- 
tion in the direction of the line of centres.' After the ira])act, therefore, 
the variation in the direction of motion will bo very greatly increased, 
and a similar increase will take place at each impact, until at last the 
molecule will no longer collide wuth the same molecules as in the original 
motion, but will come into collision with quite a different set. By this 
time there will not bo the slightest connection between the original and 
the varied motion. 

15. I would therefore suggest that the existence of a * quasi-period ’ 
V, as defined by (13), can bo better explained by arguments of a statistical 
nature based on the immensely large number of the molecules present in 
a body of finite dimensions. In the steady or stationary motion of such 
a body, it is reasonable to assume (as in the kinetic theory of gases) that 
the velocities of the molecules are on the whole equably distributed as 
regards direction. Thus, for example, the average number of molecules 
for which x is positive and lies between u and u-]rd\( is equal to the 
average number for which .c is negative and lies between — and 
— {u + dn'). 

Moreover, in the disturbed motion the displacements 8y, 8z) of 
any molecule cannot depend in any manner on its velocity components 
(ic, y, 2 ). It is of course quite po.ssible to conceive a disturbance of the 
motion in which some fixed relation exists between the displacements and 
the velocity components of the molecules — indeed, we might choose the 
relation to be any we please— but a disturbance of this kind would only 
be possible if the molecules were individually controllable; in other words, 
the displacements could only be brought about by means of Clerk Max- 
well’s ‘demons,’ and it would then bo reasonable to suppose that the 
Second Law would fail altogether. 

Hence in any physically possible variation of the motion the terms 
involving positive and negative velocity components in the expression 

) 

will on the whole cancel one another, and therefore the average value of 
the expression will be zero. This proves Clausius’ Theorem. 

‘ Thi^, easily exemplified by means of billinrd-balb 
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It sliould be noted that Clausius introduces the conception of a 
* phase ’ in dealing with stationary motions, but this is not an essential 
feature of the proof, and it only modifies the form of the equations. I 
have therefore dispensed with it. 

16. Go7inection with Hmnilton^s Principle . — Although Thomson and 
Tait have based their proof of the Principle of Least Action on equa- 
tion (5), the above investigations do not show more than a very indirect 
connection between that principle and the equation (14) which corre- 
sponds to the Second Law of Thermodynamics. Had we used general- 
ised coordinates to represent the positions of the molecules, equation (6) 
would have been replaced by Lagrange’s generalised equations of motion, 
and the connection would hardly have been any closer, depending only, 
as it would have done, on the fact that Lagrange’s equations could be de- 
duced from the Principle of Least Action, and that equation (14) would 
have been deduced from Lagrange’s equations. 

Clausius recognised at the very outset of his researches the fact that 
Hamilton’s principle could not bo applied directly to the case of a 
system of molecules in which the variation of the motion was accom- 
panied by the performance of external work through the controllable 
coordinates of the system. For, as he puts it, Hamilton’s principle only 
holds good when, in the varied motion, the Ergal has the same form as a 
function of the coordinates as in the original motion.* By the co- 
ordinates Clausius here means the molecular coordinates only, for he 
considers the controllable coordinates as variable parameters which enter 
into and affect the form of the potential energy or ‘ Ergal.’ In consequence 
of this fact Clausius claimed that his equations involved a new principle 
which was of more general application than Hamilton’s principle. We 
shall, however, show (i.) that, by means of a certain assumption as to 
the form taken by the external work, a system can be formed to which 
Hamilton’s principle is directly applicable ; (ii.) that the principle leads 
immediately to the analogue of the Second Law in the form of equation 
(14) ; and (iii.) that the assumption made does not really interfere with 
the generality of the proof. 

17. Our assumption is that the external forces, acting on the control- 
lable coordinates of tlic body, belong to a conservative system. This 
system we may, for convenience, call the ‘external system.’ When the 
body performs external work 8W, the potential energy of the external 
system increases by 8W. Hence wc may denote this potential energy by 
W. The external system and the original body, when taken together, 
form a complete dynamical system, to which Hamilton’s principle can be 
applied ; for the potential energy of tlie complete system is a function 
only of the generalised coordinates of the system. 

Moreover, in the complete system the increment of the total energy is 
=SE + 5W=5Q by (1). Hence the total energy may be denoted by Q 
where 

Q=E-fW=:T4-V + W, 
the total potential energy being U where 

U=V + W=:Q~T. 

Let Pi, p .2 . . . denote the generalised coordinates of the complete 
system, • the corresponding velocities, so that *> and let 

* Phil. Mag. vol. xliv. (1872), p. 365. 
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.... be the corresponding generalised momenta. Let ^ taken 
as a type of the controllable coordinates which define the configuration of 
the external system, pi, as a type of the uncontrollable coordinates which 
define the positions of the molecules in the body. Since the energy of the 
external system is assumed to be wholly potential, 

. . =0 (16) 

oqa 


With the present notation the two general forms of the equation 
expressing Hamilton’s principle are 

8|'(T-U)(?/=j^2sS2)j'-Q8i: . . . (17a) 

and 

2T(e/=j^ 


‘+!8Q . . . (178) 

_]o 


Of these the latter form must bo used, 
satisfy the relation 



Assume i to be so chosen as to 

= 0 , 


which, since Sft=0, may also be written 

[2.V?i>.]‘=0; .... (18) 

a relation identical with that assumed in equation (18) and justifiable in 
a similar manner. 

Equation (176) now becomes, on introducing mean values, 

8(28T)=/8Q, 

giving, as before, equation (14), 

21og(iT). 


It might at first sight appear as if the assumption as to the conserva- 
tive nature of the external forces imposed a serious limitation on the 
generality of the theorem, and, in fact, prevented its application to cyclical 
processes. But this is really not the case. To remove the limitation it is 
only necessary to suppose that the external system contains certain connec- 
tions by which periodic motion of the body is converted into progressive 
motion of some of the external coordinates, as exemplified in the crank 
of a steam-engine. In otlier words, the external energy W must bo a 
multiple valued function of the controllable coordinates of the body. 
From equation (18), i depends only on the state of the body, not on that 
of the external system, and evidently T depends only on the state of the 
body. Hence, if the initial and final states of the body be the same, 
although the initial and final states of the external system may be different, 
we must have 




. ( 19 ) 
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Since the external system of conservative forces may be chosen to be 
any we please, equation (19) must be true for any cyclical process what- 
ever, whether or not accompanied by the production or absorption of 
external work. 

This, then, is the closest connection which exists between Hamilton's 
principle and the kinetic analogue of the Second Law of Thermodynamics. 

Yfe might avoid the necessity of constructing a different multiply 
connected field of external force to suit each cyclic process by adopting a 
generalisation of the principle of Least Action, but this generalisation 
would no longer belong to the forms given by Hamilton, Thus we might 
suppose W, and therefore Q, to be a function of the time. This would 
not affect the form of but in (17Z>) iSQ would be replaced by 

J SQdt — i.e., ihQ. 

A slightly different method adopted by Helmholtz in his papers on 
‘ Least Action ’ (Crelle, ‘Journal,* vol. c.) leads to the same result. He 
supposed the generalised external force components to be functions of 
the time only; in this case we must write instead of W, and, 

therefore, E 4- SCP^ ?’«)==■ Q- 

18. Under the present section of this Heport must be mentioned 
Prof. J. J. Thomson’s theorem that ‘when a system consisting of a very 
great number of molecules is in a steady state, the mean value of the 
Lagrangian function has a stationary value so long as the velocities of 
the controllable coordinates are not altered.’ * 

This ‘ theorem ’ is nothing more or less than Hamilton’s Principle of 
Least Action, which is enunciated in a form identical with the above 
by von Helmholtz in his paper on Least Action.*^ In fact, if in equation 
(18) we write 

H=U-T, 

and assume the variation to bo so chosen that 

s,'=0, .... (19) 

we have at once 

whence 

S(/H)=0, 

or by (19) 

m = 0; 

so that H has a stationary value. 

The function H, which is merely the Lagrangian function with its 
sign changed, has been termed by Helmholtz the Kinetic FotentiaL 

The mean value of this function is the dynamical analogue of the 
quantity in the theory of heat which is called the Thermodynamical Foten- 
tial by Duhem and Massieu, the Force Function of Constant Teynperature by 
J. Willard Gibbs, and the Free Energy by Helmholtz himself. 

The fact that, for a system which undergoes reversible transformations 

' Applications of Dynamics to Physics and Cheviistry^ p. 142, 

“ Crelle, Journal , vol. c. p. J39. 
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only, the thermodynamic potential is a minimum^ is thus identical with 
the principle of minimum action. For non-re versible processes the 
thermodynamic potential tends to a minimum, and this fact expresses the 
principle of degradation of energy involved in the Second Law, though as 
yet the corresponding dynamical property has not been worked out. 

J. J. Thomson’s applications of his ‘ theorem ’ have no bearing on the 
subject of this Report, as they do not depend to any extent on the 
dynamical aspect of the question. 

Section II. — Hypotheses hosed 07i the Properties of Monocyclic Systems. 

19. The peculiarity of the theories to be discussed in this section is 
that they are not in themselves statistical. They do not therefore postu- 
late the existence of an infinitely large number of molecules the motion 
of which, taken individually, is uncontrollable. Instead of this, the funda- 
mental hypotheses on which they are based have reference to the forms 
of the kinetic and potential energy as functions of the coordinates of the 
system. Thus the equations of motion of any finite system of rigid bodies 
fulfilling the necessary qualifications will give rise to equations analogous 
in form to those which represent the laws of Thermodynamics. 

Under the present category may be classed Rankine’s very early 
theories, already mentioned, Helmholtz’s papers on the statics of Monocyclic 
Systems,^ and the proof of the Second Law given by J. J. Tliorason in 
his ‘Applications of Dynamics to Physics and Chemistry.’ Boltzmann has 
endeavoured to show how a system satisfying the properties of a mono- 
cyclic system may be derived from statistical considerations, but this 
investigation naturally falls under Section HI. of this Report. 

Rankine’s hypotheses call for no comment, being only very special 
cases of those of Helmholtz. 

20. H. L. F. von Ilehnholtz on the Pritin'pJes of Statics of Monocifvlic 
Systems . — As no account of these papers has hitherto been given in Eng- 
lish, we shall now consider them somewhat fully. The introductory por- 
tion has already been noticed in §§ 2, 3. 

Helmholtz defines a polycyclic system a.s a dynamical system containing 
one or more periodic or circulating motions. If there is only one such 
motion, or if, owing to the existence of certain relations between the 
velocities of the different parts of the system, the circulating motions can 
all be defined by a single coordinate, the .system is called monocyclic. 

As in other investigations the coordinates of tlie .system fall under 
two classe.s — those which, following the suggestion of J. J. I’hom.son, 
we have called ^controllable^ coordinates, and those defining the in- 
ternal or circulating motions within the system, which that writer calls 
‘ unconstrainahle ’ coordinates. In applying the results to Thermody- 
namics, the latter coordinates are those whicli fix the positions of the 
molecules, and thus define the thermal state of the body ; they may, 
therefore, be called ‘ molecular ’ coordinates. 

A polycyclic or monocyclic system is assumed to possess the following 
properties : — 

(i.) The kinetic and potential energies of the .system do not involve 
the actual values of the molecular coordinates which define the circulating 
motions, but only depend on their generalised velocities or rates of 
<jhange. 

* * Principien der Statik monocyclischer tSysteme,’ Crelle, Journal^ xcvii. pp, ] ] 1, 317. 
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These coordinates are therefore (jyroskUic or, as J. J. Thomson calls 
them, ^ speed* coordinates. The present hypothesis seems to assume that 
the molecules exert no mutual forces except those due to impact or un- 
yielding constraints. At any rate, if there be any other molecular forces 
they can only depend on the controllable coordinates of the system. 

(ii.) When the state of the system is changed the changes take place 
very slowly, so that the velocities of the controllable coordinates are small, 
and so also arc the accelerations of the molecular or gyrostatic coordinates. 
(This corresponds to the second assumption in § 11 ) 

21. Let the generalised coordinates of a polycyclic system be denoted 
by^), the generalised velocities by the generalised momenta by .v, and 
the genoralis('d force com})oncnts exerted by the system, in the direction 
of increasing, by P ; also, let the suHix (l refer in each case to the con- 
trollable coordinates, and h to the molecular coordinates of the system. 
Let T=kinetic energy, V= potential cnerg}', 1I=V — T, so that IT is the 
Lagrangian function with its sign changi'd. 

The general eipiations of motion give 

^ '''J ^"/ .... (- 20 ) 

dlVd./J -,)i< ! 


In conseipienco, how’ovcr, of the assumptions (i.) and (ii.) we have 


hU 


=b, 


^L=0, 




( 21 ) 


whence the generalised equations for the polycyclic system become 
dll 1 

I 


I’ =■ 


_ rden 

dt 




Hence if dQ is the total energy communicated through the gyrostatic 
coordinates (ji, in time df, we have 

+ . . • (:23) 


Also, if the Lagiungian function has not been modified, or if, in other 
words, no gyrostatic coordinates have been ignori'd, T is a homogeneous 
quadratic function of the (piantities q,,, and hence in this case 

( 21 ) 

22. The sim])lcst form of inoitocijclic sybfem is that containing only 
one gyrostatic coordinate qi , ; hero 

dii=q,M (25) 

Thus qi, is an integrating divisor of (?Q, and by § 2 the pu’odnct of </„ 
with any function of Si, is also an integrating divisor of dQ. In par- 
ticular 

2T=y,«, (2(5) 

',J*=2<Hlog«„) (27) 

1891. n 
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Moreover, if E=T + V is the total energy of the system, 

dQ=dE + '^{PJp„) .... ( 28 ) 

SO that (7Q is the analogue of the quantity of heat communicated to a 
body. 

Hence equation (‘27) is analogous to the Second Law of Thermodynamics 
as given liy equation (2), on tlie assumption that the kinetic energy T takes 
the place of the temperature. 

If S is the quantity corresponding to entropy in (27), we have on 
integration 

S = 2(log s ,, — log xV), where A Is a constant. 

This may also be put in the form 

S=logT + Iog ) .... (29) 

Here .%/q,, is of no dimensions in time ; hence is a function of length 
only, and the e-x}iression fur S is exactly analogous to the corresponding 
formula for a perfect gas — 

S=tv log c, ) log r + C . . . 

If is of the nature of angular velocity, so that 7 . / is of no dimensions 
in IcTigth, sj will be of dimensions 1 L]-, and thoreloro s,, ' 7 ,, will be of 
dimensions [L;- But v is of dimensions j L hence by comparing the 
dimensions of the quantities in (29), (30), we must have (c^, — = 
and tliis is the relation between the specific lieats of a mon- 
atomic gas. 

23. ilelmholtz next considt'rs the more general case in which there 
are several velocity coordinates 7 ^,, and he investigates the relations con- 
necting them on the assumption that dQ has an integrating divisor. 
Writing 

.... (31) 

it is evident that the required conditions will be satisfied by assuming 
that the equation 

(.32) 

has an integral of the form 

F(s,)=o-=constant . . , . (33) 

and that 

oF 

m 

The conditions tliat the kinetic energy should bo an integrating divi- 
sor arc also found. If the Lagrangian function has not been modified, 
Helmholtz finds that the kinetic energy is in every case an integrating 
divisor of dQ, provided that the geometrical relations between the motions 
of the various coordinates slyq purely Jcuiematical, or such as could exist 
in nature. 

2 d. It has, howevi-r, been pointed out by Bolfzmann, in his remarks on 
Helmholtz’s paper,* that Helmholtz’s proof of this theorem is based on 

‘ lioltzninnn, ‘ Febei die Eigen^chaften numocyclisclier Systome,’ Crello, Journal, 
xcviii p. 8G et »cq. 
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the assumption that dQ has an integrating divisor ; or, in other words, 
that the solution of the equation 

dQ^O 

can be expressed in the form of a single priniitive. Under such circuin- 
stances, the proof shows that the kinetic energy of the system must 
necessarily bo one of tlie integrating divisors of c?Q. But, on the other 
hand, there may bo cases in which the equation dQ.=0 does not possess 
a solution in the form of a vsinglc primitive, and Helmholtz’s investiga- 
tions are not applicable to such cases. 

In fact the theory of differential equations shows that the equation 
(32) 

docs not in general lead to a single primitive of the form (33) 

F(5j,)=constant. 

In order to obtain an integral of (32) it is therefore in general necessary 
to assume certain functional relations between the variables. In other 
words, we must assume the existence of certain geometrical equations 
connecting the different parts of the system, and this is equivalent to 
imposing cerf ain constraints whereby the number of degrees of freedom 
of the system is reduced. Helmholtz finds that the kinetic energy T 
will be an integrating divisor of provided that the assumed geometri- 
cal equations are jnirely kinomatical, and in this category are included all 
forms of constraint which are possible in a perfectly conservative dyna- 
mical system. 

There are, however, as Helmlioltz has shown, certain cases in which 
(32) has for its integral a single primitive of the form (33), and in these 
cases it is not neces.sary to assume the existence of geometrical equations 
representing constraints on the system. Sucli a polycyclic system possesses 
properties identical with those of a monocyclic .system, and, although the 
gyrostatic coordinates are independent, the kinetic energy Is always an 
integrating divisor of dQ. 

It is probable that Helmholtz’s geometrical eijuations can be interpreted 
thermodynamically as the coiulitioiis that the ditferent parts of the body 
may be all at the same temperature. Unless this condition is satisfied we 
know from purely pliysical considerations that dQ has not in general an 
integrating divisor. 

25. The limitations, a.s well as the meaning of ‘ purely kinematical ’ 
geometricid conditions, are, liowever, more olcaily shown in Helm- 
holtz’s second paper,' in which ho deduces the analogue of the Second 
Law by means of an {ipplication of the principle of similitude, as follows : 
The geometrical conditions are considered purely kinomatical when they 
allow the rate at which the system is moving to be varied without vary- 
ing the relations between the coordinates of the various ])arts. Thus 
corresponding to any state of motion of the system we may obtain another 
possible state of motion of the sj^stem by supposing all the velocities of 
the system increased n fold, provided that proportional alterations be 
made in the external forces (P) of the system. In the new motion the 

* Crelle, Journalf vol. xcvii. pp. 317-322, 

II 2 
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same chances will take place in a less time ; hence, if we use accented 
letters for the original motion, we shall have generally 


lib 


(35) 


The efh'et of oonnmuiicating a quantity of energy dQ throngli the 
speed coordiiiaies (.1 siioli a systejn will be to increase tlie rate of working 
of the system, and therefore to increase it. 

Now we have 

c!Q = V 7..,.) = ;^ [(»,/, ,>?(hV)} 

= + . . . (3C) 

But when the rate is constant, (hi—0 ; JQ=0 ; 


which defines the monocycle. 


But 


. (/Q 2</w ,,, , 

• • ■=2«(logj0 


(30 


(38) 


(39) 


Tlio quantity coi responding <0 entrop} viz., 2 [log >? — log (constant) 
differs fiom tliat given by the method of Clausius, but the two investiga- 
tions are easily reconciled. For writing (3()) in the form 

Ljq — ndn'K(</,y,) ~h7i- . ( 10 ) 

the assumption made in Clausius’ metlioil is that 

(13) 

and under such Circnm.staiice.s 

dQ = ad/,2T'-Pn-t/2T' .... (42) 

_2d// 2dT' 

*’ a T' 

=2./(|,.g„T')=‘3'nog(T/«) . . (43) 

whicli agrees with tlJ). 

2f). liy far tlie most interesting part of Helmholtz’s papers is 
tliat in whicli lie has investigated the dynamical analogue of thermal 
oquilibriuin between two or more bodies of ef[iial temperature. (3f this 
portion we a\iU now give a brnd* sketch. 

If two bodies of erpial tcrrijjoratnro are placed in contact, tlio state 
of either body will be unaffected, and the s^’stem, taken as a whole, will 
be subject to the two laws of tliermodj'namics 

The dynamicjil aiinlogue to be investigated is that of two monocyclic 
systcm.s coupled togctlier by moans of geometrical connections between 
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their molecular coordinates only (^not between their controllable co- 
ordinates) in such a manner that the motions of the two systems are 
individually unaffected by the coupling, but that the coupled system 
forms a single monocyclic system. Corresponding to equality of 
temperature we must have equality between two integrating divisors of 
dQ for the two monocyclic systems, and these integrating divisors must 
always remain equal so long as the two systems are coupled together. 

Such being the conditions imposed upon the problem from thermal 
considerations, Helmholtz investigates the general form of the integrating 
divisors for two monocyclic systems in order that this condition may be 
fulfilled — i.c., that equality of these divnsors may be the criterion of 
the possibility of coupling tho systems. Tliis kind of coupling he calls 
‘ isoviorou'^.' As simple instances of such coupled dynamical systems 
the following are mentioned ; - 

(,i.) Two revolving wheels may he coupled together by joining their 
axles if their angular velocities aro e(|iuil. If either wheel carries a 
Watt’s governor or centrifugal regulator in which the distance of the 
revolving balls from tlie axis is controllable, the angular velocities of tho 
two whecds can tlius bo equalised just as two bodies may be brought to 
the same temperature by applying suitable pressures. 

(ii.) Two cireiilating’ streams of liquid in annular vessels can he com- 
bined into a single stream wherever their linear velocities are identical, 
and the necessary conditions may be secured by suitably varying the 
form and dimensions of tlie containing vessels. 

d’ho principle of limited availability wlien heat is converted into 
work by reversible processes depends on tho impossibility of controlling 
the individual molecules of a body: all tliat we can do is to commu- 
nicate hc'at to the body by placing it in contact with another body, which 
must be at the same temperature if tlie process is to be reversible. Cor- 
responding to this ])roperty wo must make the hypothesis that in a 
monocyclic system it is impossible to operate directly on the gyrostatic 
coordinates by ineaiis of external forces, but that work cun only be 
communicatc'd thi-ongh tliese coordinates by coupling tho system with 
another monocjyelic s}stem, and that the coupling must be ‘ isomorous.’ 
If this assumption be made, tlie monocyclic system will evidently possess 
properties correspoiiding to the jirinciple of limited availability. 

27 . Let and be the required integrating divisors for the two 
systems, so that whenever =7/ and svstems can be coupled 

together. Let the corresponding entropies be uj and at ; then for such a 
coupled system we must have 

(IQi—yj'^a^ "1 

+ JQ2 = 77d(o'i -f (r^) J 

therefore rj is an integrating divisor cf dQ for the entire coupled system. 

Any other integrating divisor will be the product of 77 with an arbi- 
trary function of the corresponding entropy (§ 2 ). But tho kinetic 
energies Tj, T2, Tj+Tg are integrating divisors of dQ^, dQ2, and dQ 
(since the conpled system is supposed to be monocyclic). Therefore 

T,=7J|^(<T,) ) 

Tl +T2=')J x('’’| +<’■ 2 ) ) 


. ( 45 ) 
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whence 

x("‘l+or2)=<^(<^i) + 'A(<^2) • • • 

giving, on differentiating first with regard to ctj and then with regard 
to 0-2, 

X"=Q. 

Therefore on integration 

X=a + h 4 - e(o-i + 0-2)] 

<f>=a^{■C(r^ j- . . . . (47) 

i//=Z> + co-2 j 


Bat if .9,, .92 be the generalised momenta corres]3onding to the gyro- 
static coordinates of the two systems, wo have 


f7Qj=2T,^ log ^t^= 7 f^hT^ ) 
dQ.t— 2 T. 2 d log s. 2 =^r]da- 2 ) 


• m 


From (45), (47), and (48) 


2<^Zlog.9i= 

" ' a-hry, 


2 (J log $> = 


d(r,2 
h + Ccr^ 


by integration, </)(y,)--a + ry, =(.9, 

^{(T. 2 )^h + r<r , = (.90/^) j 


where a, /5 are constants. Substituting in (45) wo find 



(49) 

(50) 


(51) 


These, then, are the most general forms of 77,, possessing the two 
qualifications by which temperature is cliaracterised — namely, (i.) Carnot’s 
principle and (ii.) the property of defining the state of a body in I'elatlon 
to its thermal equilibrium with another body. 

28. There is still another condition to be satisfied in finding a kinetic 
analogue of temperature — namely, the property that if two bodies, A and 
B, are in tlicrmal eqiiilihriiirn, and if A and C are also in thermal equi- 
librium, then B and C will be in tliermal equilibrium. 

This irnpo.ses on our monocyclic systems the condition that wliencver 
a system (1) can be coupled with either of two systems (2) and (5), the 
systems (2) and (5) can also he coupled together. The examples already 
given of wlicels revolving with equal angular velocity and of circulating 
streams are instances of the fulfilment of this condition. 

In all such cases the geometrical equations connecting tlio coordinates 
of the coupled bodies must be of the form 

^i==’A‘2=X.i . . . • . (->2 ) 

where cl>i only involves the coordinates of tho first body, those of the 
second, and xs those of the third. 

Applying § 23, we see that if F (9,, 82 ) denote the entropy of the 
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system formed by coupling (1) and (2), the geometrical equation (34) 
gives 


iL=: 3^2 
0F 0F 

3^1 3^2 


(53) 


and this must be reducible, after dividing out by a common factor, to the 
form (52) 


Therefore 


Y2 


(54) 


•whore 4>X5i) is a function of a-j alone and ^ function of .92 alone. 

Therefore, comparing (58) and (54), we must have 


Putting 
(55) gives 


3F_ __ aF 

4>'(Sl)cZSi‘“4''(S2)dA-2 


4>(s,) = j'<I''(s,)(iS|, 'I'C'’ 2 )=j'*''(« 2 )‘^S 2 

aF_0p 


(r.r.) 

(56) 

(57) 


The integral of this can bo written in the form 

X(F(..,«,))=X(o-)=<I>(6-,)+'1'(s2) + C . . (58) 

where X denotes any arbitrary function of F or a. 

Equation (58) determines the general form of the quantity correspond- 
ing to entropy in the system formed by coupling the two monocyclic 
systems (1) and (2) in a manner satisfying the conditions of the present 
problem. 

Moreover, in the individual systems wc have by (5G) 


'^Q I = 2 1 ' 1 = ,1,' (y I y 1 ) 

<?Q2 = 22'^'>'2= ^/(s_y^'I'(S2) 


• (M) 


SO that the quantities yi/4>'(A’i) and (*’ 2)5 which are equated when 

the systems are coujded, are integrating divisors of dQ, and dQ.^. This 
kind of coupling is therefore ‘isomorous,’ and is analogous to the thermal 
contact of bodies at the same temperature. 

29. Thus Helmholtz has shown that all the thermodynamical pro- 
perties of matter can be represented dynamiccully by means of monocyclic 
systems which are capable of being coupled together. In coupling such 
systems it has been assumed that — 

(i.) The forces acting on the controllable coordinates are unaffected, 
so that only the motions of the molecular or gyrostatic coordinates are 
connected together, and the coupled system is monocyclic. 

(ii.) The geometrical equations connecting the two systems can be pnt 
in the form so that and if/o possess the same properties which 
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cbaracterise temperature as the ciiterion of thermal equilibrium between 
two or more bodies. 

It lias also been deduced that </>, and ^*'6 integrating divisors for 
the two respective systems, so that tliey satisfy the definition given by 
Carnot’s laws. 

The only other property of heat — namely, the principle of limited 
availability follows at once on the hypothesis of § 26 as to the uncon- 
straioable nature of the gyrostatic coordinates of the system, and the 
analogue is therefore complete. 

30. Helmholtz is almost the only writer who has made any attempt 

at a mechanical theory of heat. The other writers have simply 

endeavoured to show that an equation of the form (2) can be deduced 
from dynamical considerations by assuming that the kinetic energy due 
to the uncontrollable motion of the .system takes the place of temperature. 
This assumption is not necessary in Jlclmlioltz’.s investigations — a great 
advantage considering our uncertainty as to the nature of temperature. 

Although the properties of temperature arc explained by means of 
monocyclic systems, it cannot be said that they are on these 

hypotheses. Thus, it would bo very ea.sy to couple a monocyclic system 
with two other sy.stems in such a manner that the two latter could not 
also be coupled together as, for example, in the case of revolving wheels 
connected together by colts. What ITeIrnlioltz has done is to show the 
possibility of dMianneal analognes and the conditions they must satisfy, 
rather than to C'^tahlisli an analogy between all dynamical systems and 
heated bodies. 

The omission of the work done by intermolecular forces also intro- 
duces coi'tnin I’cstrictions on tlie generality of the proof. In the vortex 
atom theory of matter no diffionlty of any kind presents itself, because 
the vortex atoms are essentially monocyclic in cliaractcr ; but on Bosco- 
vich^^ hy}iothescs there will be difficulties, although these difficulties do 
not appear insuperable. There seems, for example, no reason why the 
molecular potential energy should not bo controllable, in Avhich case the 
work done by the intermolecular forces would be of the nature of 
available energy — available, that is, through the controllable coordinates 
of the body. Thus, for example, if wo suppose a number of molecules 
enclosed in an envelope at rest under their mutual repulsions, and if we 
imagine the envelope to expand so that the distances between the mole- 
cules m’e increased, the intermolecular forces do work in expanding the 
envelope, and the whole of this wmrk wdll be available. Thus thoro is 
nothing impo.^jsible in such an liypothesis. But it cannot be regarded as 
axiomatic, and can only be justified if it is found to accord with observed 
phenomena, among which must be included the Second kaw itself. In 
fact, it must not be forgotten that tho object of all such investigations is 
to discover theories which will account for facts, and not to prove facts 
by means of theories. 

31. Professor J. J. Thmnsoris Proof of the Second Laiv. — The investi- 
gation now to be considered is one which in its principle and fundamental 
hypotheses is intimately related to Helmholtz’s researches, although the 
method of proof is somewhat different. I refer to the proof of the Second 
Law given by Prof. J. J. Thomson in his ‘ Applications of Hynamics to 
Physics and Chemistry,’ chap. vi. §§ 46-49. It is in connection with 
this investigation that the author introduces the terms tinconstrainable 
and controUahley which he uses to distinguish coordinates defining tho 
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states of the molecules of a body individually from those which define the 
state of tlie molecules in the aggregate. 

It was stated in § 24 that, under certain circumstances, a polycyclic 
system may possess exactly the same properties as a monocyclic system, 
even though the coordinates defining the circulating motions of the 
system are all independent. The system considered by J. J. Thomson 
belongs to this class, for the necessary conditions are secured by the 
assumption wliich the author makes in the following statement concerning 
the kinetic energy due to the molecular or ‘ unconstrainable ’ coordinates 
u of the system : * — If the term 

. . . } 

involves any ‘ controllable ’ coordinate </>, then it is evident that this co- 
ordinate <f) must enter as a factor into all the terms in the form expressed 
by tlic erpiation 

1 , . . . } = . . . } . . ( 00 ) 

where the coefficients do not involve <^, otherwise the phenomenon 

would be influenced more by the motion of some particular molecule than 
by that of others. In otlier words, the investigation is limited in its 
application to the thermal properties of a single body, for in the case of a 
system of more than one body it is evident that the phenomena would 
bo differently influenced by the motion of the molecules in different 
bodies. In such a case the molecular kinetic energy of each individual 
body would contain a common factor /(<!>), which might bo different for 
different bodies. Even in the case of a single body the assumption, 
though [dausible, can hardly be regarded as axiomatic. 

The other assumptions involved in J. J. Thomson’s work arc similar 
to those of Helmholtz, but they impose fewer restrictions on the gene- 
rality of the proof. While Helmholtz assumes that the changes in the 
state of the system take place so slowly that the velocities of the con- 
trollable coordinates (<j„ or cji) do not enter into the energy of the system, 
Thomson merely assumes that the portions of the kinetic energy due to 
the controllable and molecular coordinates are distinct, .so that the whole 
kinetic energy is of the form 

T=:T,+T„ (61) 

where the part T„ alone is to be taken as the dynamical analogue of 
temperature, the part T, denoting the kinetic energy due to motions of 
the body as a whole and other controUahJe motions. 

Moreover, Thomson only assumes that the potential energy of the 
system is a function of the controllable and nob of the molecular coordi- 
nates, so that 

C02) 

and 

= O 

' cat ions of Di/namics, pp. 01, 05. 

In comparing J. J. Tbomson’s proof with that of Helmholtz wc must write 



106 


REPonT — 1891. 


while Helmholtz’s investigations involve the assumptions of (21), namely, 
that 


aH_0H_aV_0T 

0/^6 0^f 0^^ 0^^ 


(64) 


assumptions which characterise the molecular coordinates as gyrostatic 
or speed coordinates. 

With the above assumptions it is shown that 

log/(<^)+8 log T„ . . . (05) 

an equation analogous to the Second Law (2). Also 



where is the generalised component of external force corresponding to 
the coordinate This relation is analogous to the well-known thermo- 
dynamical relation 


^dQ 


f(>p\ 

dcj 6 tcnistunt 


(67) 


32. J. J. 'I’homson also mentions the case in which V, the potential 
energy of the system, is a function of the molecular as well as of the 
controllable coordinates. But here he tacitly assumes that the molecular 
coordinates only enter into V in the form of the tern pert tt lire, an assump- 
tion quite unjustifiable from dynamical considerations, for no dynamical 
moaning can be attached to temperature until the Second Law has been 
completely (vide §§ 2, 3) established by dynamical principles. 

On the hypothesis that T„ is the quantity which is analogous to tem- 
perature in the dynamical system, the assumption takes the form 


^0V 

^du 





. (C8) 


and unless this condition is satisfied tlio relation (66) will /lot be true, as 
J. J. Thomson asserts, when the potential energy is a function of the 
molecular as well as of the controllable coordinates. 

Concerning the phydcal aspect of equation (08) Mr. C. V. Burton has 
suggested to me the following argument:— If we consider a vessel of 
unalterable volume containing ice, water, and steam at the triple point 
it is evident that heat may be communicated to the system isothermally, 
the effect being to decrease the quantity of ice and to increase the quantity 
of water and of steam without altering the pressure or volume. In this 
case the molecular potential energy would in all probability bo increased 
without any concomitant cliange in the temperature or in the potential 
energy of the controllable coordinates. 

33. H. Poincare on the ApplicnhilUij of Mmiocycl in Systems to Irreversible 
Processes. — The question whether Helmholtz’s monocyclic systems can 
be employed^ to illustrate irreversible processes has been considered by 
Mons. n. Poincare,^ and answered by him in the negative; but his inves- 
tigation is far from satisfactory. 

Ill the first place, ho points out that an irreversible process is only 


* ComjHes Jlendvs, cviii. (1889), p. .560. 
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dynamically possible when the Lagrangian function contains odd powers 
of the generalised velocities, and that this is the case when it has been 
modified so that some of the velocities have been ignored owing to the 
corresponding generalised momenta being constant. But this simply 
moans that the ignored velocities are not to be reversed when the motion 
of the system is reversed. It is easy to see that in a dynamical 
system it is not in general possible to reverse some of the motions 
without reversing them all. 

Poincare now considers, as a test case, that in which the system is 
acted on by no external forces, and he considers, more particularly, what 
happens when the entropy is approaching its maximum, his object being 
to discover whether there is any dynamical way of proving the funda- 
mental thermodynamic property that the entropy of a system is con- 
tinually increasing. If such is the case, then, taking S as the entropy, 
dS/dt must always ho positive. Now, taking E as the energy and adopt- 
ing the notation of Helmholtz, the Hamiltonian equations give 

dp^dE ds^ __dE 

dt 05 ’ dt dp ’ 


whence 


dS_^fdS 0E_0S0E\ 
dt ^ 


(G9> 


In the subsequent investigation Poincare assumes that when the entropy 
is a maximum the systern ntiist he in stable equilibrium, so that in this 
condition of the system we have not only 


but also 


ds^dE 

dt dp 


= 0 


and 


dt dS 


Snell a step appears to mo to be quite unjustifiable, for it amounts to 
nothing less than assuming that the system under investigation is at the 
absolute zero of temperature, and the entropy in such a case will of 
course be infinite. 

If we have any number of bodies enclosed in an adiathermanous 
envelope it is known from physical, not dynamical, considerations that 
the entropy of the system will tend to a maximum as the temperatures 
of the various bodies become equalised, and yet when all the bodies are 
at the same temperature tlie molecules are still in a lively state of motion, 
not at rest, as in Poincare’s investigation. 

It is also to be noted that Poincare nowhere makes use of the fact 
that S is the entropy of the system. 

Hence it is difficult to see how Poincare’s result can have any direct 
bearing on the principle of degradation of energy or even how it can have 
a thermodynamical interpretation at all. 

34. At the same time, there are many considemtions which render it 
primd facie unlikely that the monocyclic method should be capable of 
accounting for the principle of degradation of energy. 

A system which is irreversible will certainly not be monocyclic 
according to the definition of Helmholtz, and hence we cannot assume 
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that the geometrical equations which that author has investigated 
will any longer hold good ; the same may also bo said with regard to the 
alternative hypothesis underlying J. J. Thomson’s investigation. More- 
over, even it the latter hypothesis bo assumed to hold good for an 
unequally heated body, the function which plays the part of tempera- 
ture will be the whole molecular kinetic energy, so that instead of the 
entropy wc shall obtain an expression which does nob alter in value as 
the teuiperatures of tlie various parts become equalised. Another 
hypothesis, which does not seem to me to bo unreasonable, is that 
possibly irreversible changes may take place when any ])ortion of the 
potential energy of the system depends partly on the molecular as well 
as on the controllable coordinates of the system, so that this portion of 
potential energy, as well as the kinetic, is nncontrollablo. But then 
there appear to be no grounds, except from statistical considerations, for 
sup}) 0 sing that this energy will all be rendered kinetic by the action of 
the intermolecular forces. Such would certainly not be the case in a 
system possessing only one or two degrees of fre^edom. 

Tlie consideration of dissipative forces, snch ns friction, is of course 
precluded by the conditions of the problem, for their presence would bo 
a violation of the principle of Conservation of Ihiergy. And as wo are 
thus left w'ith a djoiarnical system which is perfcctlj^ reversible (provided 
that the system is complete and all the velocities are rcverseil), it seems 
necessary to accept the principle of degradation of energy as a statistical 
propcidy and not as a dynamical principle. We shall consider the matter 
more fully in the third section of this Report. 

35. Dr. Lndwifj Boltzuinxn o)i the Mechanical llrpresenfai uni of Mono- 
cycles. — In his paper on the properties of monocyclic systems, already 
referred to,^ Dr. Boltzmann discu^Nsed at great length a mecluiiiical model 
illustrative of a system in which it a[)pcared not only that dQ/T was not 
a perfect differential, but that did not possess any integrating factor 
whatever. 

In a volume only just published - Boltzmann has again taken up the 
representation of monocyclic systems by means of nn^ehanical models, and 
has slightly elaborated ideas suggested in Hehnholtz’.s papers. On 
account of their greater simplicity wc will consider the latter represen- 
tations before the former. 

As a simple example of a monocyclic system Boltzmann takes a 
vertical revolving shaft having attached to it a horizontal spoke along 
which a bead can slide without friction. A string, which is attached to 
the bead, passes over a small pulley close to the sliaft, and hangs freely, 
carrying a scale-pan, on which varying weights can bo placed. The 
arrangement may be illustrated by the shaft C J) and tlio spoke carrying 
the mass E in the figure of § 38. 

If we suppose the shaft and spoke to bo without mass, and if m be 
the mass of the bead, r its distance from the shaft, oi the angular velocity, 
T the kinetic energy of the system, and dQ the amount of work performed 
by turning a handle attached to the shaft, we have 

.... (70) 

’ Crelle, Journal, xcviii. p. 88. 

2 Vorlesungen uher Maxwell's Thcorie dcr Kleetricii at nnd dcs Lichtes, I. Theil 
(Leipzig: Johann Ainbrosius Barth, 189J), pp. 8-23. 
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The right-hand side is equal to d log where s is the angular 

momentum, thus agreeing with Helmholtz’s result (§ 21, equation 27). 

Boltzmann shows bow such a machine may be made to undergo a 
series of transformations analogous to Carnot’s cycle. In an isothermal 
transformation the angular velocity and the distance of the bead from 
the shaft are varied in such a manner that the kinetic energy of rotation 
remains constant ; in an adiabatic transformation no work is performed 
on the shaft, and therefore the angular momentum, mr-to, as also the 
corresponding entropy, remains constant. 

The author gives other models of monocycles in which several movable 
rods and beads are attached to the same shaft. A Watt’s governor is 
anotlnn* simple example of a inonocycle. Other examples of ‘ kinetic 
engines ’ were given by Professor Osborne lic'ynoldsin a Iccrure delivered 
on November 15, 188d.’ 

)b) An attempt is also made by Boltzmann to extend the dynamical 
analogy to irreversible processes, by showing that for a cycle of changes 
wliich do not. take place infinitely sloAvly we must have /dQ/T<0. Un- 
fortunately, however, this generali.sation docs not hold good if the systemi 
is friction l('ss, and, as already remarked, the introduction of friction is 
not allowable in forming a purely dynamic analogue of the properties 
of heat. Boltzmann assumes that vdum the head is sliding oiUwards alotig 
the sjuthe, the tension in the string is alirai/s slightly less than the centrifugal 
forc(\ and that udien the head- is sliding inwards the tension is always slightly 
yreater than the centrifugal farce for otherwise (he says) the bead and 
suspended weights would never start moving. Thus if p denote the ten- 
sion in tlio string, wc may put 

p = niruy^ — c, 

where e ahvays has the same sign as dr. 

But the statements in italics are not true if the spoke is frictionless, 
for the equation of motion of the bead is 

d:h 

m =mro)- — p, 
dt^ ^ 

so that 


If the bead be allowed to slide outwards, starting at di.stauco 7q and 
stopping a(. distance v'o, then d-rflt'^ must be at first positive and afterwards 
negativt', for otlierwise the outward velocity drjdt would continually 
increase. Hence e eaiinot always have the same sign as f// , and Boltz- 
mann’s .argument fails, 

.‘»7. Boltzmann’s mechanical representation of a system in which dQ 
lias no inti'grating divisor consists of two parallel revolving vertical 
shafts, which we will call A, 13, each similar to that described in § 35 and 
iigured in § 38, each provided with a horizontal revolving spoke, along 
which a bead is capable of being made to slide. The motions of tbe 
two sliafts are connected together through the following mechanism : — 
The motion of A is transmitted by means of licvellod cog-wheels to a 
liorizontal shaft 0, carrying at its other end a rough disc G, which of 
course revolves in a vertical plane. Attached to the vertical shaft B is a 

* Xaturi\ vol. xxix. p 113. 
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horizontal disc H, the edge of which is in contact with the face of the disft 
G. The motion of the horizontal shaft is transmitted to the vertical 
shaft B by means of the friction at the point of contact of the two discs 
G, H. The disc H is capable of being raised or lowered on the shaft B, 
and in this way the ratio of the angular velocities of the two shafts A and 
B can be varied. Lastly, the system is set in motion by turning a handle 
attached to the shaft A. 

Let /A be the masses of the beads on the spokes attached to the 
shafts A, B ; let ?*, p be tlieir distances from the axes, iv, w the angular 
velocities of the shafts, a the adjustable height of tlie horizontal disc II 
above the axis of the horizontal shaft C. Boltzmann assumes the disc H 
to be of unit radius, and the radii of the bevelled cog-wheels connecting 
A, C to be equal, so that the angular velocities of the shafts A, 13 are 
connected by the relation 

M = 

If, with Boltzmann, wo neglect the inertia of everything except the 
sliding beads, and supposing that r, p, a only vary very slowly, the 
kinetic energy is evidently 

T = fvroi^') = \ (mr* 

The system has four generalised coordinates, namely, r, f), a, and the 
angular coordinate corresponding to the angular velocity lo. The latter 
is the only speed coordinate of the .system, for the kinetic energy docs 
not involve the rates of change of the other coordinates. 

Hence if we follow Helmholtz’s assumptions (i.), (ii.) of § 20, the 
coordinates r, p, a must be regarded as controllable, and the system is 
monocyclic. We have, in fact, 

cT 

s = = (nil- + T = 

and 

dQ =. wds = TtZ (2 log . 9 ), 

so that T is an integrating divi.sor of (ZQ. 

This result is quite at variance with that found by Boltzmann. The 
reason is that he ha.s nob regarded p, a as controllable, but has included 
in dQ the work brought into the system through these coordinates. 
This work properly belongs to —dW of equation (i.), § 2, and not to i/Q. 

In varying the height a there would, in the natural course of events, 
be a loss of energy through friction, as the edge of the horizontal disc 
H would have to slip up or down in contact with the face of the vertical 
disc G. This slipping may be avoided by shifting the vertical shaft B 
slightly to one side or the other of the vertical ])lane through the 
horizontal shaft C. The friction between the rotating discs will then 
cause H slowly to rise or fall (as the case may be) automatically and 
without slipping. 

This simple device obviates a difficulty which in Boltzmann’s original 
paper requires several pages of explanation. 

38. Simple Mechanical Model of Caniot's Reversible Heat-Rnglne , — The 
following model appears to be new. It may be of interest as furnishing 
a mechanical representation of the properties of the source and 
refrigerator of a perfect heat engine, although to do this it is necessary 
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to, take the angular velocity instead of the kinetic energy to represent 
temperature. In this respect the model resembles the example (i.) given 
in § 27, and the angular momentum takes the place of entropy. 

As in Boltzmann’s models, I suppose the working substance repre- 
sented by a hollow vertical revolving shaft C D, carrying a spoke on 
which the mass B is free to slide. This shaft is terminated by circular 
discs C, D ; while the source and refrigerator of the engine are repre- 
sented by discs A, B, made to revolve with constant but unequal angular 
velocities, o)^. The discs C and A or D and B may be rigidly con- 
nected together only when their angular velocities are equal, just as, in 
Carnot’s engine, the working substance and the source or refrigerator 
are only placed in contact when Iheir temperatures are equal. 

The string S passes down the interior of the shaft, and, instead of 
hanging down freely, it may bo passed over a fixed pulley K, its pull 
being adjusted in any convenient manner. A friotionless swivel I 
prevents torsion accumulating in the string. 

The four operations of Carnot’s cycle will now be represented as 
follows : — 

(i.) The angular velocity of the shaft C D being initially ojo, work is 
done on the system by pulling out the string S (and thus bringing the 
mass E nearer to the axis of rotation) until the angular velocity lias been 
increased to wj. Since the angular momentum meanwhile remains con- 
stant, this operation is isentropic. 

(ii.) The discs C and A may now be rigidly connected together, so 
that during this operation the angular velocity must remain equal to wi, 



Ang. Vel. - (tJ, 


Ang. ^'el Variable 


Aiig-. Vol. — ci?_. 


the change being isothermal. Tho mass E is then allowed to slide 
further out, doing work on whatever contrivance maintains the pull in 
the string. 

(iii.) Tho discs C and A are disconnected, and, the angular momentum 
remaining constant, the mass E is allowed to rdide still further out, again 
doing work by means of the string. This operation must continue until 
the angular velocity is reduced to < 02 . 

(iv.) The discs D and B are now rigidly connected, and work is done 
on the system by pulling out the string until tho mass E has regained its 
original distance from tho axis of rotation. 

Tho cycle is now complete, and is obviously reversible. If Qi is the 
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energy acquired by the system from A, and Q 2 the energy given out to B, 
it is easy enough to show that 

Qi_Q2 ..... (71) 

tUj Cl>2 

corresponding to the well-known thermodynamic equation. At the 
same time the external work performed by the string is Qj — Q 2 . 

If and ff 2 be the angular momenta of the shaft and spoke during 
the operations (i.) and (iii.) respectively, either member of (71) is equal 
to S 2 — <*'' 1 • 

If two discs were brought into contact when their angular velocities 
were unequal, there would be a loss of energy by friction, so tliat the 
analogy with an Irrcvtjrsible cycle would not be conq)letc. 

Section III. Statistical Jlijpotheies. 

80. The investigations now to be considered depend on the existence 
of a certain lavr of average di.stribution of S])ced, which holds whenever 
an enormously large number of molecules is in a state of steady or 
stationary motion. This remark applies to the Kinetic Theory of Gases, 
and the methods are only applicable when the nature of the molecules is 
.such that the law of distribution in question is capable of investigation. 

Among the more recent researches bearing on the subject may bo 
particularly mentioned Professor Tait’s papers ‘ On the Foundations of 
the Kinetic Theory of Gases,’ ' Dr. Boltzmaiin’s papers on the ‘ Analogies 
of the Second Law ’ ^ and on the ‘ Properties of Alonocj'clic and otlier 
Related Systems,’ ^ and Sir William Thomson’s recent communication to 
the Royal Society ‘On some Test Cases for the [Maxwell-Boltzmann Doc- 
trine regarding Distribution of Energy.’ ‘ 

40. The Boltzinann-Ma.rivcU Doctrine . — The law of distribution of speed 
is variously known as Boltzmann’s Theorem and Clerk Maxwell’s Tiieorem, 
being due in part to one writer and in part to the other. It seems to 
have been first di.scovered by Clerk Maxwell for the case of a number of 
perfectly elastic smooth colliding spheres of two or more different 
magnitudes, or, if preferred, a number of simple particles wliich re})ol 
one another when at a certain distance apart, after the manner of 
perfectly elastic spheres.'^ The theorem was subsequently generalised 
by Boltzmann^ for the case of a system of particles repelling one another 
according to any law, and was finally generalised still further by Max- 
well for a number of molecules, each consisting of a dynamical system 

1 Tram. R S. Ediuhurghy 188()-91. 

* ‘ Analogicn <les z\\eiton ilauptsatzes dor Tliouiiodynarrnk,’ C'rcllo, Journal^ e. 
p. 213. 

■ ‘Uebev die Eigeubcliafton nionocyclisclier uiid anderer darnil \(‘rwandtor 
Sy‘'teme/ Crellc, Journal, xe\iu. p, Os 

■* Nature, August 13, isDl 

^ ‘On the Collisions of Elastic; Sphere.s,’ Phil. Mag. 18G(); ‘On the Dynamical 
TVieory of Gasi s,’ l*JnL Trans. R S May 1 8(1(5 

® ‘ Uober die mecli. Bedeiit. dcs 2“" Haujifs d. mecli Warrrudcdire,’ Wiener 
Sitzh. lid. 53, pp 105-220. ‘ fStudien libcr das (lleichgew. d. leb Kraft zwischen 

beweg. mater Tiinkten,’ Undem, lid, 58 (1868). ‘ Ueber flas Gleicbgew. zvvi.schcn 

mehratom. Ga.smolekulcn ’ ; ‘ Analyt. Ileweis des 2'‘" Ilaupts d. inech, \Vblrrne( hoorie 
aus d. Sfitzen fiir don Gleichgew. <1. leb. Kraft’; ‘ Einige allgcm. 8iitzc liber 
Warmegleichgewicht,’ Wiener Sttzb. Mallu-m. Naturir. Klasse, Hand 63. 

' ‘On Boltzmann’s Theorem,’ &c., Trans. Camb. Phil. Svc. 1878. 
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defined by means of any generalised coordinates whatever. The case 
when the molecules are in a field of force due to external influence while 
the only intermolecular forces are those due to impact is considered by 
Dr. Watson in his ‘ Kinetic Theory of Gases.* 

Clerk Maxwell’s theorem in its most general form states that when 
a system of molecules has attained the ‘ special ’ or stationary state the 
time-average of the kinetic energy is equally distributed over the different 
degrees of freedom of the system. 

It now remains to examine how far the successive generalisations 
have since been proved or disproved ; accordingly we shall consider them 
in the following order : — 

(i.) Colliding elastic spheres under no forces. 

(ii.) Colliding elastic spheres in a field of force. 

(iii.) Simple particles or smooth spheres under molecular forces. 

(iv.) Molecules of a perfectly general character. 

41. The first case, that of colliding spheres under no forces, has 
been considered by Tait in his important papers ‘ On the Foundations of 
the Kinetic Theory of Gases.’ ^ Tait finds that the theorem does hold 
good provided that the following assumptions be made : — 

(a) That the particles of the two gases are thoroughly mixed. 

(h) That the particles of each gas acquire the error-law of speed. 

(c) That there are free collisions between particles of the same 
as well as of different kinds, and that one kind does not preponderate 
overwhelmingly over the other 

42. The second case also has been verified by Tait in the same con- 
tribution. He considers the case in which the field of force is uniform, 
like that due to gravity. A limitation is thus imposed on the generality 
of the proof, for the investigation does not hold good when the external 
force varies so rapidly from point to point that the change from molecule 
to molecule is appreciable. On the contrary, it must be possible to 
divide up the mass of gas into elements which are so small that the 
force over any such element may be considered uniform, and never- 
theless each element must contain such a large number of molecules that 
the distribution of energy in it can be investigated by Tait’s method. 

This limitation is not assumed in the proof given by Watson,*^ but it 
seems doubtful whether the theorem is valid except under some such 
restriction. One of the ‘ test cases’ considered by Sir William Thomson 
in his recent paper ^ may possibly throw some light on this question ; 
I refer to the case of a system of particles moving in two dimensions in a 
field of force whose potential is of the form 

V=?y + + 

Thomson concludes that the portions of average kinetic energy due 
to the two velocity components x and y are probably not in geneml equal 
to one another. The author considers a system in which no collisions 
occur. The existence of collisions would, of course, materially affect the 

' Tram. Ji.S.JS.f vol. xxxiii. part I (188G), p. 77. 

’ Kinetic Theory of OascSy Prop. IV. 

’ Read to the Royal Society, June 11, 1891, Nature, August 13, 1891, § 13. 

1891. 6 . . s ^ 
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distribution of energy between the two velocity components of the par- 
ticles, and it seems reasonable to draw the following inferences regarding 
the more general case : — 

(i.) If the molecules are very few and far between, impacts will 
seldom occur, and the distribution will approximate to what it would bo 
if there were no impacts, as in the case considered by Thomson. 

(ii.) If the molecules are densely distributed, impacts will be nume- 
rous, so that the distribution of speed will depend mainly on these impacts, 
and will approximate to that investigated by Tait for a uniform field. 

(iii.) In intermediate cases tbe distribution of speed will bo deter- 
mined partly by the impacts and partly by the variations in tbe field. It 
will, therefore, be inte)' mediate between those investigated by the method 
of Thomson and that of Tait. A complete investigation of such a case 
would probably be one of great difficulty. 

43. The third case — namely, that in whicli the intermoleciilar forces 
are other than those due to impact — pi’^scnts a new feature of difficulty : 
it now becomes necessary to take account of the possibility that three 
or more particles may be simultaneously within mutual influence of one 
another ; for the probability of this is no longer infinitely small, as it is in 
the case of simple impacts. 

In his recent paper already alluded to, Thomson considers this point, 
more especially with reference to a system composed of double molecules 
or ‘doublets.’ A compound gas is an example of such a system. Here a 
complete collision may consist of a large number of impacts, and the 
author remarks that ‘ it seems exceedingly difficult to find how to cal- 
culate true statistics of these chattering collisions and arrive at sound 
conclusions as to the ultimate distribution of energy in any of tbe very 
simplest cases other than Maxwell’s original case of 1 81)0.’ ^ 

It seems, however, unnecessary to consider multiple collisions if either 
of the following conditions is satisfied: — 

(a) If the range of molecular action lies between narrow limits, so 
that the collision is approximately of the nature of a simple impact. 

Qj) If the intermolecular force only acts when the particles are at a 
considerable distance apart. The ‘ radius of encounter,’ as it may be 
called, being thus very great, we may safely assume that the aggregate 
effect on any molecule of such a system of distant molecules is constant, 
and therefore eqni valent to that of a field of external force. Unfor- 
tunately, however, this case is of little interest. 

A difficulty of a different kind has been indicated by Tait ^ — 
namely, that of giving a satisfactory answer to the question, ‘ What is to 
be taken as the measure of the temperature ? ’ According to the views 
of Clausius, Van der Waals, and others, the whole average kinetic energy 
per molecule measures the temperature ; but Tait gives reasons for be- 
lieving that the temperature depends on the mean square speed of the 
free paths of the molecules, and is therefore measured by the value of 
the average kinetic energy when (with the same mean square speed of 
free path) the volume is infinite. In other words, Tait supposes the 
temperature measured by the average kinetic energy per free molecule. 
If the mean square speed be kept constant, the whole kinetic energy will 
vary with the volume of the gas, and thus on the hypothesis of Clausius 

* Nature^ August 13, 1891, § 8, 

* ‘On the Virial Equation for Molecular Forces, being Part IV. of a paper on the 
Foundations of the Kinetic Theory of Gases,’ Prnc. ILS.E. 1890. 
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the temperature would vary instead of, as it should, remaining constant. 
Moreover, in the case of a liquid in contact with its vapour at the same 
temperature, the whole kinetic energy per molecule should be equal in 
the two portions, and this again appears improbable. 

44. The last and most general case of all is that investigated by 
Maxwell in 1878,^ where the molecules consist of dynamical systems 
determined by means of generalised coordinates. It has now been 
proved beyond doubt that the theorem is not valid in this general form. 
As a test case, Burnside - has considered a system of colliding elastic 
spheres, in which the centre of mass does not coincide with the centre 
of figure, but is at a small distance, c, from it. He finds that the average 
energies of rotation of any sphere 'about each of the three principal axes 
through the centre of inertia arc equal, and that the whole average 
energy of rotation is twice the whole average energy of translation. Had 
Maxwell’s theorem been true, the whole average energies of rotation and 
translation would have been equal. 

Maxwell’s proof is defective in several respects. One of tlie chief 
fallacies lies in his assumption that the kinetic energy of a dynamical 
system can always be expressed as a sum of squares of generalised 
velocity components. At the same time, he assumes that the Lagrangian 
or Hamiltonian equations of motion can be applied to the corresponding 
generali.sed coordinates of the system. This is not in general true ; 
thus, for example, it is not true in the simple case of a single rigid 
body. Hero the kinetic energy due to rotation can be expre^^ed as 
a sum of squares of the angular velocities about the three principal axes, 
but these angular velocities are not the rates of change of generalised 
coordinates which determine the position of the body at any instant * 
Thus the want of agreement between Maxwell’s theorem and Barnside\s 
result is only what might have been expected. 

In the paper already referred to Thomson says, ‘But, conceding 
Maxwell’s fundamental assumption, I do not see in the mathematical 
workings of his paper any proof of his conclusion “ that the average 
kinetic energy corresponding to any one of the variables is the same for 
every one of the variables of the system.” Indeed, as a general pro- 
position, its meaning is not explained, and seems to me inexplicable. 
The reduction of the kinetic energy to a sum of squares leaves the 
several parts of the whole with no correspondence to any defined or 
definable set of independent variables. What, for example, can the 
meaning of the conclusion be for the case of a jointed pendulum (a 
system of two rigid bodies, one supported on a fixed horizontal axi.s, and 
the other on a parallel axis fixed relatively to the first body, and both 
acted on only by gravity) ? The conclusion is (|uite intelligible, however 
(but is it true ?), when the kinetic energ}’- is expressible as a sum of 
squares of rates of change of single coordinates each multiplied by a 
function of all, or of some, of the coordinates.’ ‘ 

45. Many physicists have objected to the Boltzmanii-Maxwell 
theorem on accourt of ‘ the suppo.sition that the mean energy of any 
kind of vibration in any atom must bo equal to that of translation in any 

* Trans. Camh. Phil. Sec. 1878. 

^ ‘ On the Partition of Knorgy between the Translate ry and Rotatory Motions of a 
Set non-honiogeneous Elastic Spheres,’ T'lans. R.S P. vol. xxciii. Part 11. 

* Compare Uoutli, lliq'id Dynamics^ vol, i. § 406, E.x. 1. 

< A^atnre, August 13, *1891, § 10. 
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direction, and therefore capable of unlimited increase.* * According to 
Thomson, however,- ‘ what has hitherto by Maxwell, and Clausius, and 
others after them, been called an ** elastic sphere’* is not an elastic solid 
capable of rotation and of elastic deformation, and therefore capable of an 
infinite number of modes of steady vibration, of finer and finer degrees of 
nodal subdivision, and shorter and shorter periods, into which all trans- 
lational energy would, if the Boltzmann-Maxwell generalised proposition 
w'ere true, be ultimately transformed. The smooth “elastic spheres’* 
are really Boscovich point-atoms with their translational inertia, and with 
for law of force zero force at every distance between two points exceeding 
the sum of the radii of the two balls, and infinite repulsion at exactly 
this distance.’ 

It may also he observed that a sphere in which vibratory energy is 
set up on impact cannot be regarded as a * perfectly elastic sphere ’ with 
coefficient of restitution equal to unity. The necessity of adopting Thom- 
son’s representation by Boscovich point-atoms is otherwise apparent 
when we remember that as long as the portions of matter with which we 
are dealing are capable of subdivision, so long will the energy contained 
in them be capable of subdivision. Unless, therefore, we suppose each 
molecule to consist of one or a finite number of indivisible atoms, it 
would be unreasonable to expect that heat would entirely take the form 
of atomic motion. 

46. Applications to the Second Law . — The simplest proof of the Second 
Ijaw of Thermodynamics based on the hypothesis of the Boltzmann- 
Maxwell law of distribution of speed is that due to Mr. S. H. Burbury.^ 
The proof is too well known to need description here. It leads to the 
same form for the entropy as Boltzmann’s original investigation for 
the case of a sj'stem of point- atoms. Although Watson and Burbury 
take the temperature as represented by the average kinetic energy of 
translation of the molecules, the fact that the average energy is assumed 
to be distributed equally among the coordinates shows that the proof 
would be equally valid if the whole average kinetic energy were taken to 
represent the temperature. Hence the proposition (when valid) does not 
afford any evidence as to what part of the molecular energy plays the 
part of temperature. 

Another proof has been given by R. C. Nichols,’ and is based on the 
virial equation of Clausius, 

Here T is the total mean vis viva- of the system, so that if Nichols’ proof 
be valid, it does not seem possible to reconcile the views of Tait (§ 43) 
regarding the nature of temperature with the definition afforded by the 
Second Law. 

A general proof of the Second Law, based on Maxwell’s generalisation 
of Boltzmann’s theorem, has been given by Boltzmann iu 1885.^ The 

> Prof. W. M. Hicks Jf.A. ItrporU 

® Nature, August IH, 1801, § I liavc slightly rearranged the oiiginal wording, 
so as to make the sentence more intelligible. 

* Phil. Mag. January 187C, p. 61 ; Watson's Kinetic Theory of Gases, Prop. XIII. 

‘ Analyt. Beweis dcs ‘J*'" Hanpts,’ Wien. Sitzh. Bd. G3, 11. Abth. 

® ‘On the Proof (;f Die Second Law of Thermodynamics,’ Phil. Mag. 1876 (1), 
p. 369. 

® Crelle, Journal, c p 213 
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author employs the method of reduction to sums of squares and subse- 
quent use of Lagrange’s equations — in short, most of the steps that are 
erroneous in Maxwell’s work ; the proof is therefore invalid except in 
certain special cases. One result is, however, interesting ; for the case of 
a system whose configuration is determined by a single coordinate, and 
whose period of oscillation is Boltzmann finds 

8Q=2T8 log, (TO .... (72) 


thus giving for the entropy the expression found by Clausius, and 
described in the first section of this Re[)ort (§ 12, equation (14) ). 

47. Statistical Construction of Mononjclic Systems. -A very interest- 
ing and suggestive paper has been published by Boltzmann,' who has 
shown how systems pos.sessing monocyclic properties can be built up by 
combining a large number ot systems which are similar to one another, 
but not individually monocyclic. This is the paper to which reference 
has been made in § 117. 

A single particle moving in an elliptic orbit about a centre of force in 
the focus is not monocyclic in itself, but a monocyclic system may be 
built up by taking a very large number of such particles, thus forming a 
stream or a kind of Saturn’s ring, whose density at any point of the 
orbit is independent of the time. Here, if the attraction at distance r be 
ajr^^ Boltzmann finds 

dQ=Td log =^(jdsy 


where 





a 

T ‘ 


Moreover, if /z is the total flux across any section up to the time /, and 
m the mass of the ring, we have 

^ v/2ia dt 

and, therefore, fydt may be taken as a generalised coordinate of the 
system. 

Another example is alTorded by a stream of particles of total mass m 
performing rectilinear oscillations under a conservative system of forces. 
In this case Boltzmann finds 

dQ=2Td log,, /T (73) 

which agrees with Clausius’ result (equations 1 i, 72). Here wo may 
take for the generalised velocity and momentum of the system respec- 
tively, 

s~2T I <2='2 lT I 111 . , . (74) 

A particular case is that of a stream of particles lellected backwards 
and forwards between two fixed perfectly elastic parallel walls at a dis- 
tance a apart. If is the mass of the stream going in either direction, 
V the velocity, and H the kinetic potential, we have 

^===2Js .... (75) 


* Crelle, Journal^ xcviii. p. G8. 
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where 
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7nv 

~ 2V 


H= -T= 


“ VI ’ 


an 
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4ia^q 

m 


~2av 


(76) 


and — is the pressure on either wall. 

This system is strictly monocyclic. 

Boltzmann modifies this example slightly by considering the case of a 
mass m formed of minute particles contained in a rectangular box, whose 
sides are a, 6, c, the directions of motion being parallel to the face (ai) 
and inclined to the edges a at an angle=D. Taking n, ?>, and v as 
variable, we have 

— H=T= , cZQ=w^;cZ^?4• wr^^sin- D +cos“ O (77) 


and to put the last equation into Helmholtz’s form we must assume 

7 — ^ . • • (^o) 

But the kinetic energy is no longer an integrating divisor of </Q if we 
suppose the angle H variable. It is not hard to explain wdiy this case 
differs from the others considered by Boltzmann. The angle D cannot 
be considered as a controllable coordinate of the system, for it can only 
be varied by acting on all the molecules individually. Moreover, it is 
not a speed-coordinate, so that Helmholtz’s methods are no longer applic- 
able. The effect of slightly rotating the box would be not merely to 
produce an alteration in the angle of incidence D, but to alter the charac- 
ter of the motion entirely, for the particles which are about to impinge 
on the face ac would be differently affected from those about to impinge 
on the face hr. 

Boltzmann follows up these simple examples by a perfectly general 
investigation based on IMaxwell’s theorem, from which it appears that 
any system which conforms to the Boltzmann-Maxwcll doctrine possesses 
monocyclic properties analogous to those found by Hclmlioltz. Tlie 
results obtained by Boltzmann do not hold good, except in the particular 
cases when Maxwell’s theorem is valid. Two cases are considered — 
that in which all coordinates of the system arc independent, and tliat 
in which certain coordinates are connected by invariable relations. The 
arguments employed by Boltzmann in discussing the hitter case appear 
wanting in rigour, thus rendering the result liable to further objections. 
The remainder of the paper is chiefly taken up with a discussion of the 
models referred to in our second section. 

48. Application of Statistical Methods to Irreversible Phenomena. - In a 
recent note ^ Mr. E. P. Culverwell has called attention to the principal 
diflSculties attending the explanation of irreversibility on the hypotheses 
of the kinetic theory of gases. The general purport of his remarks may 
be summarised as follows : — 

(i.) Although the distribution of energy when a gas has assumed the 
Boltzmann configuration (or, as Tait calls it, the ‘ special state ’) has 
been investigated, it has never been proved that a gas does actually tend 
towards this ‘ special state.* 


* ‘Note on Boltzmann’s Kinetic Theory of Gases, and on Sir W. Thomson’s 
Address to Section A (1884),’ Phil. Mag. 1890, vol. xxx. p. 95. 
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(ii.) Such a tendency cannot be independent of the law of force 
between the molecules, for if we take the case of a system of particles 
attracting one another with forces varying directly as the distance, the 
motion will be strictly periodic, and there will be no tendency towards 
equalisation of energy. 

(iii.) The tendency cannot be independent of initial circumstances, for 
if the motion of every point were reversed we should have a configura- 
tion which would tend further and further away from the ‘ special state.* 

(iv.) It therefore appears probable that in estimating the tendency to 
equalisation of energy among the molecules, account must be taken of 
the effects of the luminiferous Dcther. The molecules cannot be considered 
as forming a complete dynamical system in themselves. It seems, then, 
impossible to overcome the difficulties of the kinetic theory ; all that can 
be done is to shift these difficulties from the molecules on to the tether, 
and they then reappear in another form. 

We will now examine how far these difficulties have been met by the 
researches of those who take a less gloomy view of the question. 

It is no doubt impossible, from the inherent difficulty of the problem, 
to investigate any general property of non-reversible processes in a body 
composed of an infinitely large number of molecules ; for, when even the 
‘ Problem of Three Bodies * has not been fully solved, how can we expect 
to fully solve the problem of an infinite number of bodies ? 

But without doing this it is possible to investigate certain irreversible 
phenomena by the methods of the kinetic theory, and thus to account 
for the degradation of available cnci’gy under circumstances in wdiich the 
problem is soluble. 

41). Thus Tait ^ has worked out the rate of equalisation of average 
energy in a mixture of two kinds of spheres. He has, moreover, applied 
his formulie to the case of a mixture of equal parts of oxygen and nitrogen 
on the supposition that the aggregate masses are equal, that the number 
of molecules per cubic inch=I xlO-^, and that the sum of the radii of 
the molecules = 11 X 10"'’ of an inch. He finds that the difference of the 
average energies of the two systems of molecules will fall to ‘Ol of its 
original value in X 10“'* of a second. This result surely affords very 
strong evidence in favour of a general tendency towards the ‘ special 
state.’ 

Moreover, the kinetic theory has been applied to explain the phe- 
nomena of heat-conduction, viscosity, diffusion of a mixture of gases, 
and other irreversible processes. These have all been worked out by 
Tait in the same series of papers. One very great merit of his work is 
that he has in every instance clearly set forth the assumptions on which 
his proofs are based. The investigations are, therefore, not liable to 
objection, as is so often the case Avith the w'ork of writers who have 
implicitly made similar assumptions Avithout explicitly stating them. 

With regard to tlie second 'point, Sir W. Thomson has pointed out^ 
that the law of the direct distance possesses unique properties distinct 
from those of any other laAV. It is, in fact, the only law of force under 
which the Avholo motion is strictly periodic and the equations of motion 
are completely integrable — a fact sufficiently well known to manufac- 
turers of Senate House problems. But as there is still some uncertainty 

* ‘ On the Foundations of tho Kinetic Theory of Gases,’ Trans. R.S.K 1886, 
Section V. 

* On Some Test Cases, ko. § 10. 
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respecting the permanent distribution of energy in a system of material 
points under interraolecular forces, it would be premature to form con- 
clusions regarding the tendency towards the equalisation of energy, except 
in those cases where the only reactions between the points are those due 
to impact. 

50. If we regard the whole matter as one of probabilities, the argu- 
ment derived from reversing the system may be met without an appeal 
to the luminiferous mther. Although a conservative dynamical system 
is always reversible, the reversed motion may not unfrequently be 
dynamically unstable in the highest degree. One of the best illustrations 
in point is afforded by the impossibility of riding a bicycle backwards 
{i.e. with the steering wheel behind) ; here the forward motion is stable, 
but the reversed motion is highly unstable. 

Take, then, a system of material points or colliding spheres all tend- 
ing towards the ‘ special state.^ If the motion is slightl}* disturbed they 
will still tend towards the ‘ special state,’ and the effect of the disturb- 
ance in modifying the character of the motion will diminish without 
limit. But if we suppose at any stage of the process that the motion 
of every point is exactly reversed, then the difference between the dis- 
turbed and undisturbed reversed motions will increase without limit, and 
the disturbed reversed motion will tend towards a very different state from 
that from which we started. In a very short time we shall have entirely 
different series of collisions taking place in the disturbed and undisturbed 
reversed motions. When, therefore, we consider the immense number of 
molecules present in any body of finite size, it is not hard to understand 
that the probability of the energy tending towards an unequal distribu- 
tion is infinitesimally small, for just the same reason that if any two 
different substances in a minute state of subdivision have become 
thoroughly mixed it is impossible to separate them again by simply 
stirring them up. There is nothing inconcei viable about such a separa- 
tion, but the chances arc so overwhelmingly against it that we may with 
absolute certainty declare the separation impossible. In this manner 
there is no difficulty in understanding how on statistical grounds alone 
we may be able to state with absolute certainty that ‘ heat cannot pass of 
itself from a cold body to a hot body.’ 

Of course evidence of this kind is speculative, and, moreover, only 
affords a possible explanation, and not a proof, of the principle of 
degradation of energy. 

But, as it has been ncccs.sary to suppose space furnished throughout 
with an gether in order to account for electrical and optical phenomena, 
allowance must be made for tlie fact that this aether will in all probability 
play a prominent part in thermal phenomena, more especially as it is the 
medium by w’hicb radiant heat i.s propagated. The great velocity of 
light shows that the cether can have but a very small capacity for radiant 
energy, and, therefore, that its presence will not materially affect the 
results of investigations relating to reversible thermodynamic processes, 
while it will certainly facilitate the dissipation of energy. It must not, 
however, be thought that researches relating to heat are worthless be- 
cause they do not take account of the aether ; for do not such researches 
fulfil what should be the highest object of scientific enquiry — namely, of 
helping us to * judge the unknown from the known ’ ? 
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Conchtston. 

51. Although many of the researches mentioned in this report are not 
unfrequently called dynamical proofs of the Second Law, yet to prove 
the Second Law, about which wo know something, by means of mole- 
cules, about which we know much less, would not be in consonance with 
the sentiments expressed at the end of the last paragraph. The most 
conclusive evidence for regarding Carnot’s principle as a theorem in mole- 
cular dynamics lies in the remarkable agreement between the results 
obtained by the methods described in the three different sections of this 
report, all of which are based on different fundamental hypotheses. It 
is worthy of note that the method of Clausius alone is independent of 
any assumptions regarding the nature of the intermolecular, forces. 

It has been proved, on each of the various hypotheses, that when a 
system of molecules undergoes transformations analogous to reversible 
processes in thermodynamics the molecular kinetic energy T is an inte- 
grating divisor of the work dQ communicated to the system through the 
molecular coordinates. Thus any quantity proportioned to T satisfies 
the definition of temperature afforded by (2), § 2. The evidence that 
such a quantity possesses the properties mentioned in § 3 is far less 
conclusive. These properties have never been investigated by the 
methods of the first section, while, if the statistical method be adopted, 
the evidence is confined to the very limited cases in which Maxwell’s 
theorem is valid. The methods of the kinetic theory of gases do not 
affbrd a direct proof of any relation between the molecular kinetic 
energies of two substances which are in thermal contact, but which do 
not mingle. 

In the volume already alluded to in this Report, Prof. J. J. Thomson 
claims to have deduced certain thermal properties of matter from the 
generalised equations of dynamics without the use of the Second Law of 
Thermodynamics, aud he further claims that the results thus obtained 
affbrd evidence of the connection between the Second Law and tlia 
Hamiltonian principle. It would seem, however, that the novelty of this 
point of view is not fundamentally very great, for the molecular assump- 
tions involved in the proofs are identical with those required in orjder to 
deduce the Second Law from dynamical principles. And, moreover, 
properties of temperature are assumed which, as we have just seen, 
have not hitherto been satisfactorily deduced from dynamical principles. 

If, on the other hand, wo decide, for the present at any rate, to regard 
Carnot’s Principle (like Newton’s Laws of Motion) as an axiom based 
on experience, the researches which we have considered show how this 
principle may be reduced to a theorem in molecular dynamics by making 
suitable 'assumptions as to the nature and motion of molecules. In this 
way the reversible thermal properties of matter may be represented by- 
means of monocyclic or other dynamical systems, and the fundamental 
equations of thermodynamics may bo replaced by particular cases of the 
ordinary dynamical equations. This is the point of view adopted by- 
Helmholtz in his valuable paper on tho physical meaning of the Principle 
of Least Action.* 

In conclusion we may reasonably hope that future researches in the 
domain of molecular science will still further strengthen the bond of 

' Crelle, Journal^ c. 
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connection which we suppose to exist between the Second Law of Thermo- 
dynamics and Newton’s Laws of Motion. 

My thanks are due to Mr. Larmor for references to many important 
papers on the present subject and to Mr. C. V. Burton for his most 
invaluable assistance in revising both the manuscript and proofs and in 
furnishing many useful suggestions. 


Sixth Report of the Committee, consisting of Professors Fitzgerald 
(^Chairman), Armstrong, and 0. J. Lodge {Secretarie^i), Sir 
William Thomson, Lord Kayleigh, J. J. Thomson, Schuster, 
PoYNTiNG, Crum Brown, Eamsay, Frankland, Tilden, Hartley, 
S. P. Thompson, McLeod, Eoberts-Austen, EiicKER, Eeinold, 
Carey Foster, and H. B. Dixon, Captain Abney, Drs. Glad- 
stone, Hopkinson, and Fleming, and Messrs. Crookes, Shelford 
Bidwell, W. N. Shaw, J. Larmor, J. T. Bottomley, E. T. 
Glazebrook, j. Brown, and John M. Thomson, appointed for 
the puiyose of considering the subject of Electrolysis in its 
Physical and Chemical Bearings, 

During the past year the completed portion of Mr. Shaw’s report on our 
knowledge of electrolysis has been printed and circulated among the 
members, and has appeared in the annual volume of the Association. So 
also has the report of the discussion with Professors van t’Hoff and 
Ostwald and others at Leeds, which was edited by Professor Thorpe. 

Papers received from Mr. J. Brown on the subject of the electrification 
of the spray thrown up from a vessel in which chemical reaction with 
effervescence was occurring, to which attention has been directed by Mr. 
Enright, and on the electrolysis of solutions of the chlorides of iodine 
and bromine, were communicated to the ‘Philosophical Magazine.’ 

The valuable theoretical and experimental work of Professor J. J. 
Thomson, which has been described in the ‘ Philosophical Magazine ’ and 
in the ‘Proceedings of the Eoyal Society,’ on the discharge of electricity 
through vacuum tubes, has a distinct electrolytic significance ; and some 
researches of Mr. A. P. Chattock on the discharge of electricity from 
points, which are to be described at the present meeting, are tending 
in very much the same direction ; and showing that all convectiye 
passage of electricity, whether in liquids or gases or in partial vacua, are 
essentially electrolytic, taking place probably by means of a series of 
Grotthuss chains, and with atomic charges of the same order of magnitude 
as those concerned in electrolysis proper. 

Other interesting work is going on, and a document entailing a great 
amount of labour which has been drawn up by the Eev. T. C. Fitzpatrick, 
one of the members of the Committee on Electrical Standards, is nearly 
complete ; it will be published next year. 

The Committee suggest that they should be reappointed, and with a 
grant of 52. to cover printing and postage. 
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Elevmth Rej)ort of the Committee^ consisting of Sir William 
Thomson, Mr. K. Etheridge, Professor John Perry, Dr. Henry 
Woodward, Professor Thomas Gray, and Professor John Milne 
{Secretary'), ajjpointed for the purpose of investigating the 
Earthquake and Volcanic Phenomena of Jaqjan. {Draiun up 
by the Secretary.) 


The Gray-Milne Seismograph. 

The first of the above seismographs, constructed in 1883, partly at 
the expense of the British Association, still continues to be used as the 
standard instrument. The earthquakes which it has recorded since 
April 27 of last year are given in the following list. 


Catalogue of Earfliqualtcsi recorded at the Meteorological Ohservatory, Toliio, hetirecn 
May 1, 18J)0, and April .30, 1891, hy the Gray-Mihie ScUinograph. 
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In the above list eighty earthquakes are recorded, a number com- 
parable with the number of disturbances recorded in previous years. 
The intensity of these disturbances has, however, been unusually feeble, 
and without the aid of instruments it is likely that not more than thirty 
of them would have been noted. Although one earthquake lasted six 
minutes, the duration has generally been small, whilst only on one occa- 
sion did the full range of motion exceed one millimetre. 

Notwithstanding the fact that the list of records is as extensive as in 
previous years, the opportunities for many kinds of observation have 
been unusually small — so small, in fact, that it is thought better to with- 
hold the results of a certain class of experiments until they have been 
amplified by the observations of another year. 


Observations in a Pit. 

In the ‘ Transactions of the Seismological Society/ Vol. X., the present 
writer, in a paper entitled ‘ On a Seismic Survey/ gave examples of 
observations made in a pit 10 feet in depth. For certain large earth- 
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quakes it appeared that the motion at the bottom of the pit was very 
much less than that observed on the surface, while for small disturbances 
the difference between the surface and pit records was too small to be 
measurable. In 1886 a pit 18 feet in depth was sunk through dry 
compact earth at the Imperial University in Tokio, at the bottom of 
which seismometers were established on a brick pavement. These 
seismometers and others in the Seismological Laboratory a few yards 
distant when placed side by side gave records which were identical. 
The work was commenced by Professor S. Sekiya, and continued by myself, 
and the records obtained have now been subjected to a careful analysis 
by Mr. F. Omori, a graduate of the University, who has taken from ten 
to thirty waves in thirty different earthquakes and for each of these 
waves calculated its amplitude, period, maximum velocity, and maximum 
acceleration. Of these thirty disturbances, for each of which diagrams 
were obtained on the surface and in the pit, three were strong and 
twenty-seven were feeble. For each set of calculations referring to 
a particular earthquake average values were obtained, and the average 
for these average values was as follows : — 


1. Ratio of Quantities Observed on the Surface to those Observed in the Pit. 
(a) Feeble Disturbances. 
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From the above it appears that for small disturbances the motion on 
the surface is slightly greater than it is in the pit ; further, from an 
inspection of the diagrams, it is seen that those from the pit are always 
smoother than those from the surface. In severe earthquakes Mr. Omori 
points out that this latter character is strongly marked. 
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/ E.W. component 
fN.S. component 

. M\ 

. 1*1/ 

11. 

3. 

Ratio of maximum velocities 

r E.W. component 
\N.S. component 

. 141 

. 1*2/ 

1*3. 

4. 

Ratio of maximum accelerations • 

/ E.W. component 
fN.S. component 

. l-4'l 
. I'lJ 

1*3. 





Average 

1. 

Ratio of amplitudes . 

f E.W. component 
\ N.S. component 

. 201 
. 2*3/ 

2-2. 

2. 

Ratio of periods . . . . 

r E.W. component 
\ N.S. component 

. 0*81 
. 0*8/ 

0-8. 

3. 

Ratio of maximum velocities 

/ E W. component 
\ N.S. component 

. 3*0 \ 

. 2*6/ 

2*8. 

4 . 

Ratio of maximum accelerations 

f E.W. component 
\N.S. component 

. 6-81 
. 3*5/ 

4-7. 
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The ripples referred to appear amongst the waves in the early part of 
a disturbance, and, as Mr. Omori suggests, may be the continuation of 
the minute motions which are sometimes recorded in diagrams before the 
true earthquake itself has commenced. 

A conclusion of some importance, which is confirmed by the above 
observations, is that buildings which rise from a basement or which are 
surrounded by an open area receive less motion than those whicli rise 
from the surface. 

Observations on the vertical component of motion are now being 
made in the pit. 


The Overtitrxixg axd Fracturing of Brick and oniEii Columns. 


During the past year a long series of experiments was carried out to 
determine tho accelerations necessary to overturn or fracture columns of 
various dtescriptions. The columns were placed or fixed upon a truck 
which could be moved back and forth through a range and with a period 
comparable with what might occur in a severe eartliqiiake. Each back 
and forth motion was recorded on a band of paper running at a uniform 
speed in a direction at right angles to the direction of motion of the 
truck. At the instant the column overturned or was fractured a mark 
was made on the paper, so that tlie particular wave which was being 
drawn when overthrow or fracture occurred could be identified. 

On the assumption of simple harmonic motion, calling the period of 
this wave T and its amplitude «, which were quantities measurable on 


the diagram, the maximum velocity Y, or 


27ra 

T ’ 


and the maximum ac- 


celeration, 


or 


y2 

-, could be calculated. 
a 


These quantities w'cro compared 


with quantities dependent on the dimensions, density, and strength of 
the columns experimented upon. The object of tho experiments was to 
furnish those who have to build in earthquake countries with data 
respecting the quantity of motion which certain forms of structure 
might be expected to withstand. 

On October 15, 1884, wo recorded in Tokio a maximum acceleration 
of 210 mm. per sec. per sec., whilst on February 22, 1880, when Yoko- 
hama was considerably damaged, such records as were obtained apparently 
indicated 360 mm. per sec. per sec. A maximum range of motion of 
100 mm. and a period of 2 seconds implies a maximum acceleration of 
450 mm. per sec. per sec. As it is possible that this quantity might be 
exceeded, structures in earthquake countries ought at least to be able to 
withstand three times as much. 

For various reasons, of which the following are important, it seems 
impossible to absolutely determine tho quantity of motion necessary to 
overturn a body of given dimensions. 


1. The body may be set in motion and be rocking with a definite 
period and amplitude when it receives the final impulse which 
determines its overthrow. 

2. Bodies, like columns, standing on end have a period of oscillation 
varying with the arc through which they rock. 

3. An earthquake seldom, if ever, consists of a single sudden move- 
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ment, but of a series of movements, which continually vary in 
amplitude and period^ 

4. A series of earthquake waves is often accompanied by a series 
of superimposed waves. 


Overturning. 

The theoretical investigation of the overturning of a body like a 
column, which, although incomplete, has yielded results comparable with 
those obtained from experiment, is due to my colleague, Professor C. D. 
West. The result may be expressed as follows : — 

Let/=the acceleration in feet per sec. per sec. which may cause 
overturning, 

^y=tlio height of the centre of gravity of the column, 

CK=zthe horizontal distance of the centre of gravity of the column 
from the edge about which it may turn, 

<y=the acceleration due to gravity. 

Then 

‘ V 

Experiments showed that tlio quantity /, which may be calculated 
from tlio dimensions of a body, is closely related to the maximum 

. 

acceleration, or — , which the body experienced at the time of over- 
turning. 

y2 

When the period of motion is short / and - closely approximate, 
but when tho period is great (say two seconds) f may be 30 per cent. 

Y2 

greater than 

Fracturing. 


A theoretically-derived formula, which showed a close relationship 
with tho results of experiment, was 

« /W ’ 

where a=tho acceleration necessary to produce fracture ; 

F°=the force of cohesion, or force per unit surface, which, when 
gradiiaUij applied, is sufficient to produce fracture ; 

A = area of base fractured ; 
y3=thickncss of tho column ; 

/'= height of centre of gravity above the fractured base ; 

W= weight of the portion broken off. 


Values for F° varying between 4T and 14‘8 lbs. per square inch were 
determined by pulling portions of the brick and mortar columns asunder 
in a testing machine. 

Corresponding to these different values of different values of a were 
obtained. 

Out of fourteen columns which were broken, in twelve cases the values 
obtained for a, when F°=14*8 lbs., were fairly comparable with the quan- 



128 


REPORT — 1891. 


tity V^/a. In two cases where fracture may have occurred at a bad 
joint the quantity V^/a was more near to a when r=4‘l lbs. 

As an illustration of the practical application of the above investiga- 
tion, let us assume that the greatest maximum acceleration to be expected 
is 1,000 mm. per sec. per sec., which is a quantity four times greater 
than anything yet recorded in Tokio, and then determine the height to 
which a brick column 2 feet square may bo built above its foundations 
and be able to withstand this motion. 

If X is the height required and lo tho weight of one cubic inch of 
brickwork = '0608 lbs., then by substitution we derive from the above 
formula 



When F=51bs. then x-=. 6ft. Sin. 

When F=151bs. then a;==ll ft. 7 in. 

A detailed account of the relationship of this formula to the formula 
previously employed, together with an account of tho experiments, is 
being offered by myself and Mr. F. Omori, a graduate of the Imperial 
University, to the Institution of Civil Engineers. 

For assistance in carrying out the experiments my thanks are due 
to Mr. D. Larrien, who provided the truck and rails on which the 
experiments were made ; Mr. K. Tatsuno, Professor of Architecture, who 
designed and built the walls and columns ; the authorities of the Univer- 
sity, who provided the workshop and workmen, to Mr. Y. Yamagawa, 
who superintended the electrical appliances ; and, finally, to my colleagues, 
who from time to time rendered valuable assistance. 

Earthquakes in Connection with Electric and Magnetic Phenomena. 

1. Magnetic Phenomena. 

The conclusion to be derived from the notes relating to magnetic 
phenomena and earthquakes published in the Report for last year was 
that, for Tokio at least, the records of the Magnetic Observatory, which 
is continually being shaken by earthquakes, only show disturbances 
which may be the result of mechanically-produced movements. Since 
then I have read an account of the experiment of M. Mourreaux, chief of 
the Magnetic Observatory of Parc Saint-Maur, near Paris. Having had 
Lis instruments disturbed at the time of earthquakes, M. Mourreaux 
suspended on the same stand as tho magnetograph a copper bar having 
the same form as the magnetic one. The bifilar suspension for the copper 
bar was made identical with that used for the magnet, and the movements 
of each were recorded photographically. 

With three earthquakes the records for the magnet were disturbed, 
whilst the records for the copper bar were not disturbed. This experi- 
ment has been discussed by G. Agamemnone Atti della Reale Accademia 
dei Lincei,' vol. vi., January 5, 1890), who points out that for various 
reasons the period of the copper bar and the magnet must be different, 
and, therefore, by a given movement one might be caused to move whilst 
the other remained at rest — a conclusion with which the present writer 
concurs. 

Near an active volcano, where masses of magnetic matter may be 
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sliifted or altered in temperature, changes in magnetic elements may 
possibly be observed, but, so far as observation and experiment have 
hitherto gone, wo are inclined to the opinion that ordinary earthquakes 
are in no way connected with magnetic phenomena. 

2. Electric Phenomena. 

In the Report for last year I gave the results of a comparison of the 
records of several hundreds of earthquakes, and the photographic records 
of atmospheric electricity from a Mascart electrometer. The observations 
were made at the Meteorological Observatory in Tokio. A result arrived 
at was that at the time of many earthquakes, especially when Tokio was 
near the c^picejiirum^ the air often became electro-negative. In a detailed 
paper on this same subject (‘ Trans. Seis. Soc.,’ vol. xv. p. 160) it is 
stated that these results ‘ must only be regarded as tentative,’ and as 
during the past year I have discovered a source of error in Mascart’s 
instrument, this remark must not bo overlooked. Sometimes, even in 
exceedingly dry weather, the instrument rapidly loses its sensitiveness, 
and, if tiic mirror be displaced, it does not quickly return to zero. The 
reason does not appear to reside in the fibre nor always in the acid, for, 
if the wire dipping in the acid and attached to the needle and mirror be 
taken out and washed, the sensitiveness is regained. Now the acid is 
being changed weekly and the wire washed. The results which have 
already been recorded having an explanation in mechanical movements 
must still be regarded as tentative. 


Second Report of the Committee^ consisting of Lord Rayleigh, 
Sir William Thomson, Professor Cayley, Professor R. Price, 
Dr. J. W. L. G-laisiier, Professor A. G. Greenhill, Professor 
W. M. Hicks, and Professor A. Lodge {Secretary)^ appointed 
for the purpose of calculating Tables of certain Mathematical 
Functions and, if necessary, of taking steps to carry out the 
Galcidations, and to pablish the results in an accessible form. 

The first Report was in 1889. Since then values of Io(-^) have been 
calculated from .r=0 to jc=6T0 at intervals of *01, and considerable pro- 
gress has been made in still further expanding this table, making the 
interval -001. This will enable values of lo(^r) for intermediate values 
of X to be road off by the help of first differences only. 

Progress has been made towards the calculations cf Ii(.r) for values 
of, X differing by the interval *01, or, if desired, '001. The method 
adopted is that of calculating the successive differential coefficients of 
for the values of x given in the 1889 Report by means of the 
formula 

and its derivatives, and interpolating by means of Taylor’s Theorem. 

The Committee have asked for a grant of 15Z., to enable them to 
employ a professional calculator to help in the continuation of the work. 
1891. K 
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First Report of the Committee, consisting of Mr. Gr. J. Symons 
{Chairman'), Professor R. Meldola, Mr. J. Hopkinson, and Mr. 
A. W. Clayden {Secretary), appointed to consider the applica- 
tion of Photography to the Elucidation of Meteorological 
Phenomena, {Drawn up by the Secretary.) 


In commencing operations in the autumn of last year your Committee 
considered that the first step was to make their existence and aim as 
widely known as possible. Hence the chief work of the year has been 
the issue of circulars inviting the co-operation of others, and the taking 
of such other steps as seemed likely to help in that main object. 

The following circular was first drawn up and issued to the secre- 
taries of a large number of photographic societies, field clubs, and other 
associations throughout the world. Letters to a similar effect were 
widely distributed through the medium of the press, and personal efforts 
were made to solicit aid wherever it seemed obtainable. 


Circular A ] 


‘ Warlekjh,’ Palace Koad, Titlsi: ITtll Park, 
LoxoON, S W. . Xorrmher ^ l-SDO. 


Sir,-— A t the Leeds jMceting of the British A'^^aoeintion in Septeinbci last the 
aboxe-named eornmittce was formed in older to ‘repoit ii])on the np])lication of 
photography to the elucidation of nieteoiological iiheiioniena, and to collect and 
register pliotographs of such phenomena ’ 

The success with which these instructions can bo carried out nocessaril}’ di'ponds 
in a great measure upon the voluntary co-operation of otheis 

Will you therefore lend us your xaluable aid by making tlie matter known 
among the members of the society you repiesent, and by gixing us the n.nmos of any 
persons resident in your neighbourhood who might be willing to fuither the woik in 
hand ? 

We shall be glad to receive copit's of any jihotogrnphs illustrating meteoro- 
logical phenomena, or their eflccts, but we should especially welcome offeis of futnro 
assistance in the shape of photographs taken in accordance with simple instruction:-, 
which will be supplied on application. 

Photographs received will be numbered and registered and e.xliibited at t^ic next 
meeting of the Biitish Association. 

The Committee wish it to be understood that, ni the ahscyicc of any intnnotnm tt* 
the contrary, contributions to their collection will be regarded as their owm propcity,. 
with libel ty of reproduction at their discretion. 

Hoping that you will co-operate in tlio work, 

I am, your obedient Servant, 

Arthur W. C’laydkx, Secretary. 


Tfc was, however, felt that a pliotograpli of a meteorological pheno- 
menon possessed comnaratively little value for scientific purposes unless 
some information could be gained as to the circumstances under which it 
was taken. Again, photographers generally, and amateurs in particular, 
seem to find great difficulty in securing good photographs of such things 
as clouds ; therefore it seemed desirable to endeavour to ascertain whether 
any brand of plate, make of lens, or special device deserved particular 
recommendation. The following form was therefore printed and issued, 
with a modified version of Circular A, and distributed wherever there 
seemed any probability of active co-operation. 



ON PHOTOOEAPHT OF METBOBOLOaiCAL PHENOMENA, 


Foem.] 

Name of Observer 
Address 
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Place of Observation * 

Description of Lens ® Focal length 

Make of Plate employed ^ 

Please state also whether the Picture was taken by direct exposure, through yellow 
glass, by reflection from black glass, or by any other special device 


Any other in formation 


No. of Pi Hit . 

" 

1 i ! i i 


! I 





Date . . ... 


1 ; ! 1 


! I 





Time of Day . 




I ! 





Direction'* 


' : i j I 


j I 





Stop • . . j 1 , i 1 

i 

i ! 


! 



ExpoPur<‘® 

! ! ' i 


i I 





Developer ’ 

i 1 , I ! 1 




I 



* If njorr tli.in oiio plnrr nsctl, tak(‘ .'i M'p.trafe Perm (.idi 

" Name f)f maker and Ins de^citption. siudi ‘rapid rcotilinoai ’ 

“ Maker's fle''<'nption, unless a special enmlaion ii^cd, in uluch ca^-c the Committee would be glad of 
the full fnrmnla 

* Trmcrt point of compass towards which the camera ^\as pc.inttd State vliother tiiio ci’ magnetic. 

® /. i''' ^ , or whatever the ratio may be. 

« TT ft,’ 

" Great exactness is not reipiired. 

Insert, P. for Two, i\S. for Fvio and Sulphite, E for Fibonocren, F 0. for Ferrous Oxalate, Q for 
Hydroiiunionc. 'I'he Committee Mill he obliged tor the full tomutia 

N.B —It IS liighly desirable that all jirints should bhow vome fixed object, such as a tree or chimney. 
In the abircncc of any snob point of leferonee the print bhoiiM be marked to show the north and the 
zenith 

At the same time, since eflectivc help might be looked for among the 
great mass of enthusiastic amateurs who possess little or no knowledge 
of meteorology, and from meteorologists who know little of photography, 
a short paper of elementary instructions was also distributed. 

Instructions.] 

Photographs arc ihsirod of clouds, lightning, hoar-frost, remarkable hailstones, 
snow-wreaths, avalanches, glaciers, storm -waves, waterspouts, tornadoes, dust- 
whirls, halos, parhelia, or any other meteorological phenomena or their consequences. 

0‘'nrral Insiructions. 

1. As soon as possible after exposing a plate, number it and fill in the details 
relative to it on one of the forms supplied. The more completely these are filled in 
the more valuable will the photograph be. 

E 2 
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2. The size of the plate is immaterial provided that the focus is sharp. Use a 
magnifier when focussing, and for objects like clouds focus upon a distant tree or 
building. 

3. Use a lens which does not distort the image. 

4. Do not touch up either negative or print. 

5. When photographing any object which is moving or changing, a series of 
views taken at short intervals, so as to show the progress of the phenomenon, will 
be of especial value. 

6. Whenever possible, a figure or other object of known dimensions should be 
introduced, in order to serve as an approximate scale. 

Cloud Photograph]/, 

For hea\y clouds no special apparatus is required, but exposure must be shorter 
than for ordinary landscape work. For very thin clouds exposure must be extremely 
short and development very cautious. Fair results may then be occasionally 
obtained without special means. 

In order to obtain better and more certain results three methods have been 
adopted : — 

(a) Using a slow plate and rapid lens, with sliort exposure. 

{h) Using an ordinary plate and lens, but with a sheet of pale yellow glass in 
front of the lens. 

(e) Using an ordinary plate and lens, but placing a plane miirorof black 
glass in front of the lens, so that its surface makes an angle of about 
33° with the axis of the lens. The image rcfiected in the mirror is fairly 
easy to pliotograph. 

The Committee hope to receive examples of each of these processes, as well as 
examples and descriptions of any other special devices which may be adopted by 
observers. 

Lightning Photography. 

When a thunderstorm occurs at night it is very easy to photograph the flashes of 
lightning. 

Fix the camera rigidly (do nob hold it in the hand) and expose it to a part of the 
sky where flashes are frequent. 

As soon as one flash has crossed the field of view cliange tlio plate. 

Whenever possible, count the number of seconds between seeing the flash and 
hearing the beginning of the ihiindcr. Note this time on the print or form. 

If you have two cameras some useful results may be attained by using one as 
described abov'e and holding anotlier in the han<l, pointing in about the same 
direction, but kept in constant oscillation. It is hoped that two photograjihs of the 
same Jiash may be thus secured. 

Another desirable experiment is to fix both cameras in tlie same direction, change 
the plates in one after each flash, but leave the plate exposed in the second until six 
or eight flashes have crossed the field of view. 

If the camera is placed in a window this must be open, as the interposition of a 
window pane may give rise to multiple images. 

Be particularly careful to note the exact time and direction of each flash photo- 
graphed. 

A rapid lens, with a stop or thereabouts, should be used for lightning. 

Prints, which may be mounted or unmounted, should be sent as early as possible 
to the Secretary at 

‘Wableigh,’ Tulsb Hill Park, London, S.W. 

This work of distribution has been greatly aided by the courtesy of 
the Council of the Royal Meteorological Society. But in spite of their 
assistance the time available for the purposes of the Committee has been 
mainly devoted to carrying out this introductory labour and conducting 
the correspondence it has involved. 

The secretary to your committee has also personally appealed to 
various societies on behalf of the work in hand by the exhibition of 
lantern slides in explanation of the Committee’s object. 
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In all cases promises of future help (in the shape of photographs taken 
under recorded circumstances) have been solicited, rather than the gift of 
prints from old negatives. 

The result is that some progress has been made in the organisation 
of a system of observers who will bo on the look-out for interesting 
phenomena. Such offers already number between forty and fifty, and 
new names are slowly coming in. Indeed, many of the circulars inviting 
such, aid have been sent to such distant places that replies could hardly bo 
expected yet. However, as it is, the promises in hand include some from 
Tasmania, Mauritius, Java, Sweden, America, and tlio Continent, while 
those from the United Kingdom come from all parts of the country. 

Your committee view this result with some satisfaction, because a 
wide distribution and large number of observers multiply the chances of 
securing records of rare phenomena. It is a case of sowing seed over a 
large area, and it is only the earlier parts which have yet had time to 
yield much harvest. 


PlIOTOGRAniS COLLECrEI). 

The number of prints actually received up to the time of closing this 
report (July 20, 1^91) is not large. The total number, 153, includes 95 
of clouds, 11 of lightning, G of damage by lightning, 2 damage by hail, 3 
of the positions of meteorological instruments, (> of glacier structure, 3 of 
fog shadows, 8 of hoar-frost, 2 of snow-crystals, and some others. But 
these can only be regarded as a first instalment of the results of the 
year’s work, and your committee look forward with confidence to a con- 
siderable increase in their collection during the next few months. 

The details of the collection already made can bo best judged by 
reference to the appended list : — 


First List of Vhoto(fraphs, 


Class A.— Clouds. 


Nos. 


From the Kew Committee of the Ro^ al Society. 
7 2P> From Iteai -Admiral Maclcar. 

24-20 From IVIr A E We.stcrn. 

27-32 Fiom Mr Arthui Nicols. 

33-100, From Mr. A. W Clayden (secretary). 


A considerable number of negatives are also available from which 
prints have not yet been taken. 


Class B.— Lightning. 


No. 1, 
„ 2 . 
» b! 

M 4- 
„ 5. 

,, 0 . 
» 7. 

,» 8 . 
M 9. 
„ 10 . 
„ 11 . 


Taken on mo\in<< plate, from Dr. II. II. IIofTert. 
Beversed Hash, fiom Mr. A. W. Clayden. 

Branched „ „ „ 

Multiple „ „ „ 

lleversed „ „ „ 

Simple and multiple flashes, from Mr. A. W. Clayden. 
Narrow iibbon, from Mr. J. II. Bateman. 

from Mr. Ernest Brown. 

„ Mr. Avery. 
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Class C.— Damage by Lightning. 

Nos. 1-4. Rear-Admiral Maclear. 

„ 5-C. Scfior Don Augusto Arcimis. 

„ 7-10. Mr. J. Hopkinson. 

Class D. — Damage by Storms. 

Nos. 1 and 2. Effect of hailstorms of August 2 and 3, 1870, from Mr. G. 
\V. Whipple. 

Class E — Electric Sparks. 

Nos. 1-10. Illustrating fonii.s of discharge, from Mr. A. W. Chiyden. 

„ 11-18. Explaining dark tla.she.s, fiom Mr. A. W. Clayden. 

Cl-\ss F.— Snowfall, &c 

Nos. 1 and 2. Snow-crystals, from Mr. A. W. Clayden. 

„ 3 and 4. Drifts, March 11, 1801, from Mr li G. Durrani. 

Class G. — Glaciers. 

No. 1 Icc-clilfs of the empty IMcerjelensce, 1889, from Mr Greenwood Pirn. 
Nos. 2-7. Variou-s glacieis fiom Mr. Greenwood Pim 

CLA.SS H -Hoar-frost. 

Nos 1 -8 From Mr A. W Clayden. 


Class IM. — 1Miscellani:ous 

Nos 1-3 Shadows oi a camera on fog, from iMr A W Clayden. 

IIHGISTRATION OF PHOTOGRAPHS IN OTHER COLLECTIONS. 

This section of the woik has liardly been commenced. Several pro- 
minent firms of professional photographers have been approached with a 
view to tabulating the pictures they possess, but tliey have not offered 
any special facilities. This is to be regretted in some but there 

seems reason to hope that another year something of the kind might 
be done. 

The fine collection in the possession of the Koyal Meteorological 
Society has been examined. It contains a large number of very beautiful 
cloud studies by Dr. Riggenbacli and M. Paul Gamier, but information 
as to the methods adopted by these observers and as to the conditions 
under which the pictuies were taken is at present wanting.* Neverthe- 
less the work of registering these photographs would have been taken 
in hand had it not been all but impossible to describe them properly. 
The chaotic condition of cloud nomenclature seems to render it impossible 
to describe the minute differences of structure so admirably shown in the 
pictures in terms which would be generally intelligible. Many cloud 
forms, especially among the thinner types, are intimately related to one 
another, some being only transitional phenomena during the passage of 
one stable form into another. Your committee have therefore laid special 
stress in their instructions to observers upon the importance of securing 
series of cloud pictures at short intervals delineating cloud changes and 
showing, as far as possible, the relations between various forms. Until 
some satisfactory system of nomenclature has been devised, or until your 
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committee can for^i a compreliensive collection, it seems that the accurate 
registration of cloud photographs must be left in abeyance. Perhaps by 
this time next year, if they are permitted to continue their work, some- 
thing of the kind may be found practicable by referring other photo- 
graphs to types in their own collection. 

Another important collection is in the possession of the chairman of 
your committee. An early opportunity will be taken for the tabulation 
and registration of its contents. 


]\[i:thods of Cloud PnoxoGRAPHY. 


Specimens of cloud photograplis have been received illustrating 
several methods. 

1. By the courtesy of the Kew Committee of the Royal Society six 
specimens of the photographs taken under their direction have been 
placed at tlie disposal of your committee. These have been taken in a 
special form of camera provided with a rotating shutter, the opening of 
which can bo varied at pleasure. The exposure given is a fraction of a 
second, and the plates are of the rapid gelatine bromide type. So far as 
definition is concerned, these pictures leave little to be desired. 

2. Mr. A. E. Western sends one printfrom a negative taken onEdwards’ 
medium isochromatic plate, and two taken with Carbutt’s orthochro- 
matic celluloid films, in all cases after placing a sheet of pale yellow glass 
in front of the lens. The definition in all three is good, but the type of 
cloud is one which is easy to photograph, and it does not yet appear 
whether the method is of very much value for thin cirrus clouds. 

3. The secretary to your committee lias made a careful trial of two 
other methods. 


The first consists in placing a plane mirror of black glass in front 
of the lens, so that the plane of its surface makes an angle of about 
33° with the axis of the lens. This method has been tlieoretically 
described by Dr. Riggeiibach in a paper read before the Royal Meteoro- 
logical Society on IS^ovember 21, 1(^88. It is supposed to depend on the 
extinction of the polarised component of the light from the blue sky. But 
in practice it is found that the mirror is of great advantage, altogether apart 
from any polarisation. It diminishes the brilliancy of the whole illumi- 
nation, so that it becomes easy to time the exposure correctly. By this 
means it is found perfectly simple to get good negatives of even very 
delicate cirrus clouds on any of the ordinary brands of dry plates. The 
negatives frequently require intensification in order to bring out all possi- 
ble detail, and it seems that transparencies on glass or prints on bromide 
paper are to be preferred to ordinary silver prints. 

The second device which has been tested is tho employment of slow 
plates. Very satisfactory results have been obtained by exposing in the 
camera some of the plates prepared for transparency work by Mawson 
and Swan. This method Las not been tried so thoroughly as the other, 
but enough has been done to show that it may be recommended. 

The lens used in both cases w'as an Optimus rapid rectilinear with a 


stop 


/ 

11 ’ 


With ordinary plates and the black mirror the exposure varied 


from about a tenth to half of a second, and with the transparency plate 
about twice or three times as long. 


The experiments will be continued throughout the summer, and your 
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committee hope that they 'will soon be in a position to decide which 
method is on the whole most suitable for the purpose. The black glass 
method has the one great advantage that it works well with the ordinary 
plates, and as the mirror may be easily removed and replaced a few cloud 
pictures may be taken during any photographic excursion without the 
necessity of carrying slides charged with plates of little use for other 
purposes. 


Phoiograpits of Lightning. 

The registration of photographs of lightning is beset with difficult}’’, 
just such as interfered with the description of clouds. A provisional 
classification has been issued under the authority of the Thunderstorm 
Committee of tlio Iloyal ^Meteorological Society. This, however, was 
premature, and cannot be regarded as satisfactory, lienee your com- 
mittee have turned their attention rather to the study of lightning than to 
recording pictures of it. 

The phenomena accompanying electric discharges do not seem to have 
been very perfectly studied, but certain facts are known, and ])hotograph8 
of lightning and of electric sparks point to others. It sccni'’, therefore, 
that no clas.silication can be generally accepted which ignores existing 
knowledge of the connection between the electrical conditions and the 
character of the discharge. 

The so-called black fiaslies have of course been disiioscd of. The experi- 
ments described two years ago by the Secretaiy to your committee showed 
that the appearance is due to reversal produced by some form of diffused 
light having fallen upon the plate. This conclusion has been subsequently 
confirmed by Mr. Sbelford Bulwell, P.R.S., and again by Mr. Clayden in 
the photograph numbered 2B. This was taken at Bath in the early 
morning hours of June t25. After the flash had jiasscd, the plate was 
left exposed for a few minutes in the liojie that a second flash might 
illuminate the same part of the sky. This liappcned, the lower part of 
the field of view being brightly lit up by a flash wliich was itself hidden 
in the clouds. Where the consequent glare crosserl the undeveloped 
image of the flash reversal has occurred, while no reversal can be detected 
in the other portion. 

It will be noticed that this flash, like many others, shows a distinct 
ribbon-liko structure. The repeated occurrence of this phenomenon has 
already given ri.se to considerable discussion, and Mr. W. ^Marriott find 
Mr. Cowper Ranyard luive attributed it to a movement of the camera 
during the existence of the flash. Certainly many such photographs 
have been taken in cameras held in the hand or on no very firm base. 
Moreover, Dr. Hoffert’s photograph, No. 1 B, shows this structure well in 
the successive briglit flashes. Nevertheless, it must be noted that in this 
last case the camera was in rapid motion, and 3X‘t the ribbon-like struc- 
ture is hardly more pronounced than it is in other pictures where any 
accidental movement was presumably much less. Moreover, the photo- 
graphs Nos. 2 B and 3 B show this structure very plainly, though the 
camera was standing on a steady support, and movement during the flash 
was quite out of the question. 

Alternative hypotheses are that the appearance is duo to reflection 
from the back of the plate or in the lens. If cither view were true the 
brighter parts of the flash should show the ribbon form the best, whereas 
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the contrary seems often to be the case. Again, if the former hypothesis 
were true, the position occupied by the reflected light could be ascer- 
tained by considering the direction of the incident light. Fact here 
disagrees with theory. 

The evidence at present obtainable therefore points to the conclusion 
that a bright lightning flash may often take the form of a long sinuous 
ribbon, whose sectional thickness is very different in two directions 
normal to each other. Some of the appearances noticed also indicate that 
the greater thickness throughout all the parts of a given flash lies in one 
and the same direction, and the variations in its apparent direction are 
merely an effect of perspective. 

This structure must be carefully distinguished from another, in which 
several distinct flashes follow precisely similar paths side by side. Some- 
times the bright flashes (which may or may not show the ribbon shape 
proper) arc connected by a less brilliant luminosity, which converts the 
whole phenomenon into a very broad ribbon. Photographs of this class 
are exemplified by Nos. 4 B, 5 B. The flash represented in Dr. Hoffert’s 
photograph is evidently one of the same order, and the curious smudges 
which cross the plate must doubtless bo due to the above-mentioned 
fainter light. Clearly we have here to deal with intermittent discharges,, 
a number of discharges following each other along the same or closely 
contiguous paths. In some cases photographs of this kind show redupli- 
cated images of buildings corresponding fairly well with the images of 
the component parts of the discharge. In such a case there seems little 
room for doubt that the flashes followed tho same path or paths only a 
very short distance apart. 

The secretary to your committee, however, secured the photograph 
No. 4B on June 125. In this case tho camera was certainly not moved. 
The flash, like many others, appeared multiple to the naked eye, but as 
the motion of the eyeball might have produced tliat eflect, although the 
flashes formed the same path, little weight can be laid on that argu- 
ment. Indeed, tho fact that the camera was standing still and quite un- 
touched is suflicient to prove th.at flashes of such a nature do occur. It 
is really a rapid and almost simultaneous volley of flashes connected 
partly by a less vivid discharge which obliquely links tho brighter lines. 
There is also evident a sort of half-twist of one part of the flash around 
another part. 

In order to elucidate the unexpected facts brought to light in the 
numerous photographs belonging to the Koyal IMeteorologieal Society a 
number of experiments have been made by your secretary upon electric 
sparks obtained from an induction machine. As these tend to throw 
some light upon the questions in hand, a brief account of them may not 
be out of place. 

First remove tlie small Leyden jars from a Voss or Wimshurst 
machine. Tho discharge is then pink in colour, of slight brilliancy, and 
strongly resembles tho brush discharge. If tho knobs are brought 
near each other ‘•ho discharge passes along several lines, which arrange 
themselves side by side in a plane at right angles to the direction of 
discharge. 

If now the condensers are introduced in the ordinary position, the- 
spark at once becomes more brilliant, and the pink tinge disappears. 
This spark obtained from the ordinary size of condenser appears to be 
precisely the same as the commoner varieties of lightning. If larger 
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condensers are substituted the spark becomes thicker and brighter, and 
its minor irregularities frequently disappear. 

If ext remove the condensers from the machine, and connect their 
inner coatings with the prime conductors, while the outer coatings are 
imperfectly insulated, as, for instance, by placing them on a wooden 
table. If the jars are near each other, as each spark passes between 
the discharging knobs another will pass between the outer coatings. 

Gradually increase the distance between the jars. The spark be- 
tween the outer coatings will become more irregular as it grows longer, 
and at a certain distance it will suddenly cease. At this moment the 
discharge between the knobs entirely alters its character. If the strik- 
ing distance is short, the form assumed is that of a bright pink band, 
generally brighter at its margins than elsewhere, and showing a beauti- 
ful fluted structure. Its duration is short, but it is nevertheless easy to 
see that it is a really intermittent. 

Again increase the striking distance step by stej-). The discharge is 
still intermittent, but thin, brilliant white sparks make their appearance. 
At first the pink discharge can be recognised passing obliquely between 
these bright sparks, but as the distance increases the pink light disap- 
pears, and the discharge becomes a rapid volley of bright sparks. 

The photographs from Ko. 1 E to No. 9 E show those phenomena. 

Again, if the discharging knobs are placed some distance from tho 
machine, so that the field due to their cliarge is but little afiected by the 
movements of the machine or operator, it may often bo noticed that with 
ordinary bright sparks their form is repeatedly the same. No. 10 E shows 
a series of sparks taken under such conditions at intervals of about one 
second. 

Now, it is probable that all these forms of discharge have their 
analogues in lightning. The bright sparks with small condensers are 
the counterpart of the commoner type of lightning. Those from the 
large Leyden jars and between the outer coatings correspond to more 
powerful flashes, the latter being the ‘impulsive discharge^ described by 
Professor O. Lodge. The volleys of bright sparks are also the type of many 
observed multiple flashes. Thei'c remain only the pink discharges, and 
surely these are the counterpart of the flashes which yield photographs 
like No. 4 13. 

Moreover there seems to be no jyrimd facie absurdity in supposing 
that a short seiaes of flashes may' occur during a brief time along parallel 
paths. Such a phenomenon is conceivably explicable — 

(a) by an identity of conditions over the v/holo area traversed by the 
flashes ; 

(o) by the movement of the charged cloud causing the conditions 

which held in one place at a given moment to hold a short distance 

away at another ; 

(c) by the movement of the air sweeping along the disturbance 

caused by the first spark, .so that a path of least resistance resulting 

from that disturbance occnpie.s diflerent positions. Your committee 
would draw attention to the similarity between the appearance of the 
bright pink discharge and that through rarefied air. Some of the dis- 
charges, Nos. 3 E to 7 E, look as if the passage of tho bright sparks caused 
a partial vacuum between them, and the pink sparks then struck through 
this lessened resistance along the paths of the bright sparks and across 
the low resisting interval between them, the slope of these transverse 
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sparks being possibly determined by tlie difference of potential required 
to break tlirougli what resistance there was. 

Possibly it may be found that the ribbon structure is also due 
to some such phenomenon. The passage of the first flash will produce 
for a short time a highly rarefied column of air, through which a stream 
of less luminous sparks may pass until the displaced air surges back. 
Resistance will then be abnormally high exactly along the track of the 
first spark, and this column of extra dense air will be surrounded by a 
tube (so to say) of lower resistance. Indeed, the paths of subsequent 
discharges in a series may conceivably be determined either by the 
outward movement of the wave of rarefaction or by the alternate com- 
pression and rarefaction along the original path. In either case the 
movement of the air may easily suffice to carry the position of least 
resistance along with it. That subsequent discharges do sometimes 
follow what may be called the trough of the atmospheric wave is indi- 
cated by the tendency sometimes exhibited for one spark or flash to 
twist partly round another. 

However, your committee do not wish it to bo understood that they 
put forward these suggestions as definite hypotheses. They merely state 
them in order to indicate various lines along which further research is 
desirable. They hope, if they are permitted to continue their task for 
another year, to add considerably to the experimental and observational 
facts at present available, and possibly to reach more definite conclusions 
than existing material allows. 

Before ending their report your committee feel that a passing 
reference is due to the important paper read before the Royal Society in 
which the Kew Committee described some of their results, and also to 
the work which has been carried on at Berlin and elsewhere in the 
photograpli}’ of the so-called luminous night-clouds and of clouds in- 
visible to the naked eye. 

They wdsh to express iheir thanks to the Kew Committee, to the 
numerous persons who have volunteered their assistance, and especially 
to the Council of the Royal Meteorological Society. 

Ill conclusion they ask to be i-eappointed, wdth a grant of 1*5^., in 
order that they nia}" have an opportunity of following up the beginning 
that has been made. 


lieport of the Comiuittee^ consu^iiny of Professor 0. J. Lodge, 
Professor Carey I'^ostek, and Mr. A. P. Ciiattock {Secretary)^ 
appointed to investigate the Discharge of Electricity from 
Points. 

MEASUiiEMiiNTS havo been made of the strength of field necessary to start 
discharge at points of radius of curvature varying from 0'7xl0’'^ to 
58 xlO * cm. Tlie results show that the field strength increases rapidly 
as the radius of curvature diminishes. They also point to the gas sur- 
rounding the point as the seat of resistance to discharge, rather than to 
the surface of the metal; and, upon the assumption that discharge means 
the breaking doivu of Grotthuss chains in the gas, extrapolation indicates 
an atomic charge of dimensions approximating to those of the ionic 
charge of electrolytic ions. 
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The variations of the field strength with pressure of the gas seem to 
agree with the Grotthuss chain hypothesis as far as the measurements go. 

Upon the assumption that tho passage of electricity from a point to a 
plate is a one-way flow, it is possible to obtain a value of the ratio of 
mass moving to electricity carried by it (i.e., the electro-chemical equiva- 
lent of the discharged matter) in terms of the slopes of potential and 
pressure brought about by tho discharge, and the density of the current 
passing. Experiments are now in progress to determine this ratio, if 
possible. So far they point to a number far in excess of the electrolytic 
value. This may be due to error in the measurements, or, possibly, to 
the presence of metal dust in the discharge. 

Measurements, also still in progress, have been made on tho mechan- 
ical forces which act on a point during discharge. They point to interest- 
ing difierences between -f- and — electricity, and it is hoped that useful 
information may bo obtained as to the manner in which the two electri- 
cities leave the point by further work in this direction. 

Your Committee asks for reappointment with a grant of oOZ. 


Report of the Committee, consistlnrf o/ Lord McLarkx {CJiairinaii), 
Professor Crum Brown {Secretary), Mr. IMilne Home, Dr. John 
Murray, Dr. Buchan, and the Hon. Kalph Aijkrcromry, ap- 
pointed for the pxtrpose of co-operatimj with the Scottish 
Meteorolocjieal Society in onaliny Meteorological Observations 
on Ben Kevis. 

DdPvTNNJ 1800 the hourly observations by night and by day at the Ben 
Nevis Observatory have been carried on uninterruptedly by Mr. Omond 
and the assistants, and as heretofore the five daily observations at Fort 
William have been made with great regularity by Mr. Livingston. As 
intimated in last report, a vitally important advance was made in tho 
system of observations on Ben Nevis by tho opening of the low-level ob- 
servatory in Fort William on July 14, 1800, for regular continuous obser- 
vations. This observatory has been equipped by the Meteorological 
Council with a complete set of self-recording instruments, such as are in 
use at tho first-class observatories of the Council. Tho directors have 
thus now at their disposal the best information available for extending the 
scientific and practical inquiries they have undertaken through tho 
unique facilities oflered by these well-equipped observatories. A begin- 
ning has also been made with an elaborate discussion of this double series 
of hourly observations of which some account will be given in this 
report. 

The directors were again able to give relief to the various members 
of the observing staff by the courtesy of the following gentlemen, who 
have given their services as observers for periods varying from four to 
eight weeks: — Messrs. R. C. !Mossman, James McDonald, M.A., and 
Alexander Drysdale, M.A., B.Sc. ; and Messrs. ‘P. Gillies and C. Stewart, 
from Professor TaiPs Laboratory, are now (August, 1891) assisting in 
the work of observing. 

For the year 1890 the following were the monthly mean pressures and 
temperatures, hours of sunshine, amounts of rainfall, and number of fair 
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days, or days of less than 0*01 inch of rain, at the observatory, the mean 
pressures at the Ben N'evis Observatory being reduced to 32® only, while 
those at Fort William are reduced to 32® and sea-level : — 
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At Fort William tbc mean temperature of the year was 4?°*7, being 0®*5 
above the mean. The exceptional departures from the monthly means were : 
January 2° *8, May 3® *2, September 3®-l, and October 2°*0 above, and 
July 2°*3, August 3®*1, and December 2®*4 under, the means. The mean 
annual temperature at the top of the Ben wa3*31®*3, or 0®*4 above the 
mean, and as contmsted with Fort William the departures from the means 
were in July 2®*8 and in August 1°'0 under and in September 4°*0 above 
it. In anticyclonic weather, such as largely prevailed in September, the 
excess of temperature at the top of the Ben is always relatively higher 
than at sea-level adjoining. 

The minimum temperature for the year was 9®*0 on December 19, being 
about the point to which the temperature has fallen each year since the 
observatory was opened. The maximum was 58®*9 on September 7. This 
is about the lowest annual maximum temperature hitherto observed, and 
it is otherwise remarkable as having occurred so late in the season. 
Indeed, low temperatures ruled during the summer in an unusual degree, 
the highest in June being 45®*6, July 51°*7, and August 53®*7. Thus 
the extreme range of temperature for the year was 49® *9 ; in the previous 
year it was 55® *4. 

The registration of the sunshine-recorder showed only 591 hours out 
of a possible 4,470 hours. Excepting 1886, when the number was 576, 
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this is the lowest since the observations began. In January only 4 hours 
were registered, being the lowest monthly amount yet observed, but in 
December the number of hours was 22, being considerably in excess of 
the hours registered at stations generally over the United Kingdom 
during this exceptional month. 

The rainfall was the heaviest yet recorded in any year, being 198*34 
inches, and if the amount were calculated for the meteorological year 
beginning with December, 1889, the annual amount would be 213-63 
inches. The rainfall for October, 37*30 inches, is the highest yet recorded 
in any month ; and 29*42 inches were recorded in January and 27*31 
inches in [March. On October 3 the rainfall was 7*29 inches, but for the 
24 hours from 9 p.m. of the 2nd to 9 p.m. of the 3rd the extraordinary 
quantity of 8*07 inches was collected. In four months the rainfall was 
the highest yet recorded for these months. 

The number of days on which the rainfall was nil, or loss than the 
hundredth of an inch, was 83, being the fewest number of fair days of 
any year since the observatory was opened- There were 17 fair days in 
February, 15 in April and December, but none in January. There were 
66 days on which one inch or upwards fell. In October there were 15 
such days and 1 1 in Jannary. 

The rainfall of 1890 in the eastern part of Scotland co tlie south of 
the Grampians was nearly everywhere under the average, the deficiency 
being a sixth in the Border Counties. On the other hand, in north-western 
districts it was about a fifth above the average. The annual average at 
the observatory since 1885 is 134*50 incho's, and hence the rainfall of 1890 
was 63*84 inches, or 48 per cent., above the average— an excess nowhere 
approached at any observing station in Scotland. 

Atmospheric pressure at Fort William was 29*860 inches, or 0*032 
inch above the mean pressure. The monthly extremes were th(‘ minimum 
in January and the maximum in Fehrnary, these being respectively 0*229 
inch below and 0*295 inch above the means of tliese months. 

The following .shows the departures from the means of tho pressure 
and rainfall of the four months of lieaviest rainfall at the Ben Kevis 
Observatory : — 
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It will be observed that during tho two last montlis, Avhen the rainfall 
was greatly above the average, pressure also was above the average. On 
the top of the Ben it repeatedly occurs that high pressures are accom- 
panied with very heavy and long-continued rains. 

Considerable progress has been made during the year with the dis- 
cussion of the Ben Nevis observations. 


An exhaustive examination of the ‘Winds of Ben Nevis,’ by [^^essrs. 
Omond and Rankin, has been recently completed and tho results com- 
municated in a paper read before tho Royal Society of Edinburgh. The 
authors show that while the sca-lcvel winds in this part of Scotland are, 
with respect to the distribution of pro.«sure, in accordance with Buys 
Ballot’s Law of the Winds, the Ben Novis winds do not at all fit in with 
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Bucli a distribution of pressure, but that on the contrary they point to a 
widely different distribution of pressure at the height of the observatory, 
4,407 feet above the sea. In large storms, with a deep barometric depres- 
sion in the cent re, the Ben He vis winds are practically the same as at lower 
levels ; but with smaller storms great differences are presented. In these 
cases it is remarkable that with a cyclone covering Scotland, the North 
Sea, and Southern Norway the winds frequently blow, not in accordance 
with the sea-level isobars, but in an entirely opposite direction, suggest- 
ing an outflow from the cyclone towards the anticyclone near at the 
time on the other side. It is further remarkable that this outflowing 
seldom or never occurs when the centre of the storm is to the south or 
west, but only when it lies to the north or cast. If the wind on the hill- 
top is not at a right, or greater, angle from the sca-level wind, it is 
usually nearly the same as it ; the supposed veering of the wind at great 
heights required by the theory that a cyclone is a whirling column, 
drawing the air in spirally below and pouring it out spirally above, is 
so seldom observed as to he the exception, and not the rule. This 
important result and the analogous observation that frequently in great 
storms of winds prostrated trees lie practically in one direction over wide 
regions show impressively how much observation has yet to contribute 
before any satisfactory theory of storms can be propounded. 

The winds of other high-level Eui'opoan observatories, which may all 
bo regarded as situated in anticyclonic regions, have been examined, 
and it is found that they show the closest agreement with the winds at 
low levels in the same regions. This result separates the Ben Nevis 
Observatory from other observatories, so as to form a class by itself, the 
differentiating cause being the circumstance that Ben Nevis alone lies in 
the central track of the European cyclones. This consideration emphasises 
the value of the Ben Nevis observations in all discussions of weather. It 
may bo added that, with respect to the relation of the winds to the low- 
level isobars, Ben Nevis Observatory is more pronouncedly a high-level 
observatory in winter than in summer, or, more generally, in cold than 
in warm weatlier. 

Mr, Rankin has communicated to the directors a paper on the results 
of the dust-counting observations of the past year. The highest number 
observed was 14,400 per cubic centimetre in -April last, whilst the lowest, 
0, was observed in July, 1S90, and again in March, 1891 ; and here it must 
be noted that each observation is really the mean of ten observations taken 
at the time. The greatest amount of dust is observed when the wind is 
E., S.E., or S., both at sea-level and the top of the Ben ; but when the 
winds at Vao top diverge most from those at sea-level then the lowest 
dust values are obtained. AYc have here, broadly indicated, another con- 
tribution to weather prognosis afforded by the dust observations, since 
they point to quite different phases of -weather. 

True fogs and wet mists exhibit marked differences. In fog there 
is usually a considerable amount of dust ; in mist, or wet mist, usually 
very little. It is observed when the number of dust particles noted is 
extremely small, or even 0, that the air is surcharged with aqueous vapour, 
if such a condition bo supposed possible, and that then, there being no 
dust particles to servo as nuclei on which the vapour might condense, it 
simply condenses on all exposed objects direct from the air. This has 
been found to be the most wetting condition of the air, a few minutes 
only being sufficient to give the observer a thorough soaking. Every 
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post and rope seem running over with water, though, looking out at tho 
weather, one has no idea it is nearly so wet. 

Sufficient observations have been made to show a well-marked diurnal 
variation in tlie numbers of dust particles. The following are the tri- 
hourly results for March, April, and May, 1801 : — 

Means Means 

736 1 P.M 950 

.526 4 „ . . . . t,438 

570 7 „ . . . . 1,035 

626 10 „ . . . . 1,029 

Mean 854 

The daily miniraum thus occurs when the daily strength of the wind is 
greatest, and also the descending current, down the mountain, and the 
maximum when the wind is least strong and the ascending current up the 
mountain strongest. 

Mr. R. C. Mossman has communicated a paper to the Scottish 
Meteorological Society on the cases of silver thaw at tho Observatory, 
which will appear in next issue of the Society’s Journal. From 1885 to 
1890 there occurred 198 cases, lasting in all 878 hours — that is, cases in 
which rain froze as it fell. The maximum frequency is from November 
to March. It occasions, as may well be supposed, much inconvenience 
-and discomfort to the ob.serv'crs. 

The chief point established by Mr. Mossman is that the distribution 
of pressure over Western Europe is at tho time always substantially the 
same. The daily weather charts show that on these 198 days the distri- 
bution of pressure was for the Ben cyclonic on 137 and anticyclonic on 
61 days. In anticylonic cases a cyclone is off tho north-west coast of 
Norway, while the anticyclone stretches away over the south of England 
nnd Ireland. In cyclonic cases Ben Nevis is clearly within the area of 
low pressure, the centre of which again is off the north-west coast of 
Norway, while the anticyclone is removed farther to southward over the 
Peninsula. Hence the value of this phenomenon in forecasting weather. 
The average duration is 6 hours in winter and 3 in summer. The longest 
continued was 41 hours on January 3-4, 1889. The lowest temperature 
nt which it has occurred was 18°'0, but nearly in all cases the occurrence 
takes place shortly before a thaw. 

During the past year the unremitting attention of Dr, Buchan has 
been given to the examination and discussion of the hourly ob.servations 
of the two observatories. The discussion includes the ten months ending 
May, 1891. 

In entering on the discussion it quickly became apparent that the 
influence of high winds on the barometer was tho first inquiry calling for 
serious attention. The depression of the barometer daring high winds 
was plainly so serious as to render tho examination of many questions all 
hut a hopeless ta.sk until some approximation was made to the values of 
these depressions for different wind velocities. 

Fortunately the two observatories present the conditions favourable 
for this investigation. They are so near to each other as to form vir- 
fually but one ob.servatory, the barometer at the top being in a building 
exposed to winds of all velocities up to at least 150 miles an hour, whereas 
the other barometer is in a sheltered baiidiug, where light winds prevail 


1 A.M. 
4 „ 

7 „ 
10 „ 
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generally, so that this barometer may be regarded as recording the 
true pressure of the atmosphere. This was more exactly secured 
in making comparisons of the two barometers by selecting only those 
cases when winds at the Fort William Observatory were light. As 
stated by the Committee in previous reports, the observations of the force 
of the wind are estimations on a scale of 0 to 12, the equivalent of each 
figure of the scale in miles per hour having been carefully determined 
by Mr. Omond by means of Chrystars anemometer. The barometric 
observations at the two observatories were reduced to sea-level hour by 
hour, and the differences plus or minus were entered in columns repre- 
senting the different wind forces at the higher observatory. The following 
is the result of the comparison : — 


Wind Force 

Eq. miles per hour 

Bar. Depression 


Inch 

0 

2 

-0-001 

1 

7 

-0-004 

2 

13 

-0-005 

3 

21 

-0 010 

4 

29 

-0-014 

5 

38 

-0-026 

r> 

47 

- 0 035 

7 

r>7 

-0-050 

8 

67 

-0-070 

9 

77 

-0-101 

10 

88 

-0-122 

11 

99 

-0-150 


Thus in calm weather the two reduced barometers are practically the 
same, but with every increase of wind which sweeps past the higher 
observatory, the depression of the barometer inside steadily augments. 
It is not till a velocity of more than 20 miles an hour is reached that 
the depression amounts to one-hundredth of an inch. At 57 miles it is 
O'OSO inch, at 77 miles 0d04 inch, and at 99 miles O'lSO inch. In 
forecasting weather it will be necessary to keep this effect of high winds 
on the barometer constantly in mind, with the view of arriving at a 
better approximation to the geographical distribution of pressure at the 
time the forecasts are being framed. 

These results are for all winds grouped together irrespective of their 
direction. The next inquiry grouped the winds according to their direc- 
tion to sixteen points of the compass. During the time under examination, 
all the very high winds were from E.S.E. or S.E., these being the direc- 
tions in which the wind blows freely along the slopes of the mountain to 
the observatory. In 11 cases the wind from these directions attained a 
velocity of 100 miles an hour or more, and the reduced barometer of the 
high-level station read about one -sixth of an inch lower than the baro- 
meter of the low-level observatory. In no other of the 16 directions was 
there, during the ten months, a higher velocity than 62 miles an hour 
observed, and indeed in the directions E., E.N.E., N.E., H., H.W., and 
W. the observed velocity was never greater than 29 miles an hour. 
With these northerly winds the observations at the top of the mountain 
indicate a much lower speed than that which, from the drift of the clouds, 
is seen to be reached at a comparatively small height above the top of the 
Ben. The cause of this comparatively calm state of the air immediately 
on the top is the impact of the air on the face of the tremendous cliff, 
close to the top of which the observatory is built, by which the stream 
1891. h 
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lines are suddenly deflected upwards. Now in such cases the de- 
pression pf the barometer is about three times as great as that which occurs 
with an equally strong wind from other directions, and indicates clearly 
the formation of a restricted region of low pressure around and outside 
the observatory. Another curious and highly interesting result observed 
with other directions of the wind is that the reduced high-level baro- 
meter exceeds the reduced low-level barometer when the wind blows at 
the rate of about 5 miles an hour. This increased pressure accompanying 
wind rifting np the slope of the hill may perhaps explain the small clear 
space immediately on the top of a hill, otherwise cloud-topped, and the 
very different force of wind on the two sides of a ridge lying about a 
right angle to the direction of the wind. 

An examination has also been made of the relations of differences of 
temperatui'catthe two observatories to differences of the sea-levol pressures 
at the same hours. During the ten months examined the temperature 
difierences have ranged from the high-level observatory showing a tem- 
perature lower to a temperature 6° higher than the temperature at 
Fort William at the time. A comparison lias been made by sorting the 
differences into two-degrees amounts, and instituting a comparison only 
on those cases when the strength of the wind at either of the observatories 
did not exceed 2G mile.s an hour. 

The following show for each two-degrees difference of temperature 
the difference between the reduced barometer of tlie top and the barometer 
at Fort William, the plus sign indicating that the top barometer was the 
higher, and the minus sign that it was the lower of the two : — 


Difference of 

Dulerence of 

Difference of 

DiOeience of 

Temperature 


Temperature 

Preh'ure 

+ 6'= to 

+ 40 

-0 017 

-10^ to -12° 

+ 0-006 

+ 4 „ 

+ 2 

-rOOU 

-12 -14 

+ 0 001 

+ 2 

-f 0 

+ 0 011 

-14 -10 

- 0 005 

-0 .. 

— 2 

+ oo:u 

-10 „ -18 

-0010 

— 2 „ 

-4 

+ 0 020 

-18 „ -20 

-0018 

-4 ;; 

-fj 

+ 0 008 

-20 „ -22 

- 0 028 

-0 „ 

-8 

--0 000 

-22 „ -21 

-0 020 

-S M 

-10 

+ 0 007 

-21 -20 

-0038 


The broad result is this, and it is clear and explicit, when the higher 
observatory lias the higher temperature, and when the differences of 
temperature are smadl, then the reduced pressure at the top of the moun- 
tain is the greater of the two ; but when the differences of temperature 
are large then the reduced pressure at the top is the less of the two. 
The regular progression of these figures show’ that what is substantially 
a true average bas been obtained. The result, which is altogether unex- 
pected, raises questions of the greatest importance, affecting the theory 
of storms, the effect of vertical movements of great masses of air on the 
barometric pressure which accompanies cyclones and anticyclones, and 
the necessity there is for some accurate knowledge of the absolute 
amounts of aqueous vapour at different heights in the atmosphere under 
different weather conditions. Ben Nevis, with its two observatories, one 
at the top, the other at the foot of the mountain, would, with a third 
halfway up the hill, afford unique facilities for the prosecution of this 
all-important hygrometric inquiry, which would, however, require con- 
siderable additions, for the time it is carried on, to the observatories’ 
present appliances and staff. 
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Third (Interim) Report of the Committee, consisting of Professor 
Fitzgerald, Dr. John Hopkinson, jMr. K. A. Hadfield, Mr. 
Thouton, Professor Eoherts-Austen, Mr. H. F. Newall, and 
Professor Barrett (Secretary), on the various Phenometia con^ 
nected with the Recalescent Points in Iron and other Metals, 

The Committee reported at some length last year, and wish to postpone 
a further report till next year. They desire, therefore, to be reappointed 
without a grant. 


Second (Interim) Report of the Committee, consisting of Dr. John 
Kerr, Sir William Thomson, Professor Kucker, and Mr. R. T. 
G-lazerrook {Secretary), appointed to co-operate with Dr. Kerr 
in his researches on Electro-opjtics, 

The Committee report that Dr. Kerr is continuing Lis experiments on 
Electi'o-optics, and hopes to be able to get some definite results for the 
meeting next year. They wish to be reappointed. 


Report of the Committee, consisting of Professor LiVEixa, Dr. C. 
Piazzi Smyth (Secretary), and Professor.s DE^yAR and Schuster, 
appjointed to co-operate luith Dr. C. Piazzi >SMYrH in his researches 
on the Ultra-violet Rays of the Solar Spectrum, 

The first proceeding of this committee after authorisation was to inquire 
into all that their Secretary was proposing to do in the way of observa- 
tion and recoi’d in the ultra-violet of the solar spectrum and the suf- 
ficiency or otherwise of the apparatus ho had already collected for the 
purpose. Much correspondence followed through the autumn and in the 
winter of 18l>0 -91, and it soon became evident that only a small part of 
what w'as scientifically necessary could be procured with the amount 
voted. 

In February, 1891, however, a most agreeable surprise occurred, in 
the shape of a resuscitation of a still earlier application on the same 
general lines, but on a wider basis, by Dr. C. Piazzi Smyth to the Royal 
Society’s Government Grant Committee in July, 1890, and which he 
erroneously imagined, from their silence after receiving it, had not been 
approved by that body. But it had been simply" kept in abeyance, and 
was finally pronounced favourably upon and granted in 1891. This 
measure happily relieved the British Association Committee from attempt- 
ing to do altogether too much for its small means, though still requiring tho 
utmost economy in their di.sposition, as well as their limitation to the exact 
line pointed out in tho resolution passed by the General Committee at 
Leeds, viz., * to co-operate with their Secretary in his researches on the 
Ultra-violet Rays of tho Solar Spectrum.’ 

Kow this part of tho spectrum being absolutely invisible to the eye, 
though otherwise known to be in the field of the Secretary's Grating 
spectroscope at the time, while tho/ec?ts of the inspecting or photograph- 
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ing telescope thereof varied rapidly with the smallest angular change of 
its direction in spectrum place, there arose a necessity for a considerable 
improvement of the focussing arrangement over and above what is usually 
supplied for the visible parts of the spectrum, or had been furnished in the 
present instance for all parts. But this improvement has now been accom. 
plished by Messrs. T. Cooke & Sons, of York, according to a design by 
the Secretary, enabling the focus to be set distinctly and solidly to the 
thousandth of an inch without reference to anything but numerical tables 
prepared beforehand and tested by photographic record. 

Again, however, in some of the most interesting of those ultra-violet 
regions of solar spectrum light a further and more intricate diflScnlty of 
a physical nature was found when photographing in the second order 
of the Grating’s spectra. For, though that operation was performed under 
double shields of the darkest blue glass procurable, yet the red region of 
the first order of spectrum would insist on breaking in through all ob- 
stacles, and showing itself even brilliantly by means of the anomalous ultra- 
red ray transmitted by the supposed most pure and densely blue, or violet, 
glass known ! One possible method of getting rid of this diflSculty imme- 
diately seemed to be by photographing only in the first order of the 
Grating’s spectrums, throughout whose violet fields there is no red band 
of any other order to come in — blue glass in place or not. But could 
sufficient spectrum separation of lines be thereby obtained, and without 
any other drawback ? 

To meet this essential problem Messrs. T. Cooke & Sons, of York, 
were again applied to, and they constructed within the grant made to 
the Committee an extra-large Barlow photo-aclirom-concave lens, which 
magnified the previous image of the inspecting telescope’s object-glass 
by 2*3 times, or rather more than the first order of the Grating’s spec- 
trnms is magnified, in separation only, by the second order. And if by 
the Barlow concave the magnifying is both in separation and in height 
of lines (and therefore weakening to the intensity of the image), it was 
hoped that longer exposures could be freely given. So that then, with 
them, vfonld come the final trial, which has still to be made — whether the 
exquisite definition of the first order of spectrum cannot be lenticularhj 
magnified to the required degree, with less loss of that still more valuable 
feature, definition, than what takes place when it is diffractionalhj magni- 
fied (at least in the Secretary’s Grating spectroscope) by resorting to Us 
second order of spectrum ? 

This is the main point, then, up to which the Secretary’s research has 
just arrived by aid of the British Association’s grant of 1800. For while 
the whole of that sum has now been expended on the above-mentioned 
major subjects and a number of mmor improvements and working particu- 
lars bearing on the same ends, and nothing farther in the way of grant 
is now being asked for, it leaves sufficient material in Dr. C. Piazzi 
Smyth’s bands for much work in the months to come. In earnest whereof 
be begs to send some of his accomplished work during the last nine 
months, in the shape of two album cases, each containing twenty-six of 
bis separately mounted and scaled bat continuous solar spectrum mag- 
nified photographs of lines in the violet and ultra- violet, besides a third 
and thinner album case of previously taken eye-and-hand-made drawings 
at the same instrament, but of the easier half only of the same subjects, 
for inter-comparison of the two methods which are past, and in prepara- 
tion for the third, which is to come. 
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Report of the Committee^ consisting of Professor W. Grylls Adams 
{Chairman and Secretary), Sir William Thomson, Professor 
G. H. Darwin, Professor G. Chrystal, Professor A. Schuster, 
Professor Pucker, Mr. C. H. Carpmael, Commander Creak, the 
Astronomer Poyal, Mr. William Ellis, and Mr. G. M. Whipple, 
appointed for the purpose of considering the best means of 
Comparing and Reducing Magnetic Observations. 

In accordance with the arrangements made last year for determining the 
mean diurnal range from the observations taken on five days in each 
month, the following list of quiet days during the year 1890 has been 
selected by the Astronomer Royal as suitable for the determination of the 
magnetic diurnal variations : — 


January 

Quiet Bays in 1890. 

0, 7, ]2, JO, :u. 

February . 




2, 7, 10, 2J, 25. 

M arch 




2, J, 0, 20, 30. 

April . 




3, 9, ] 8, 25, 28. 

May . 




1, 13, 16, 22, 29. 

June . 



, 

6, 10, 15, 24, .30. 

July . 




3, 9, 14, 28, 29. 

Au^^ust 




4, 12, 13, 28, 30. 

September . 




8, 9, 23, 27, 28. 

October 




4, 7,21,28,29. 

No\ ember . 




3, 6,11,21,29. 

December . 




3, 7,12,11,26. 


During the past year the magnetic survey of the United Kingdom, 
now in progress under the superintendence of Professors Riicker and 
Thorpe, has advanced rapidly. Messrs. Gray, A.R.C.Sc., and Watson, 
B.Sc., A.R.C.Sc., are at present working in Ireland and Scotland respec- 
tively. A body of computers has been organised at South Kensington, 
so that the reductions are proceeding passu with the observations, 
and by the end of this summer complete observations will have been made 
at more than 600 stations in the British Isles. 

On June 18 last, in a paper read before the Royal Society on the 
Comparison of Simultaneous Magnetic Disturbances at several Observa- 
tories, and Determination of the Value of the Gaussian Coefficients for 
those Observatories,’ the Chairman pointed out the importance of adopt- 
ing the same scale- values tor similar instruraeuts at different observatories, 
especially at now ob.servatories wliich have been recently established, and 
discussed special magnetic disturbances, especially the disturbances of a 
great magnetic storm which occurred on June 24 and 25, 1885, for which 
photographic records have been obtained from seventeen different obser- 
vatories : eleven in Europe, one in Canada, one in India, one in China, 
one in Java, one at Mauritius, and one at Melbourne. 

In this papei the records are discussed and compared, tables are 
formed of the simultaneous disturbances, and the traces are reduced to 
Greenwich mean time and brought together on the same plates arranged 
on the same time-scale. Plates I. and II. show the remarkable agreement 
between the disturbances at the different observatories, and the tables 
show that the amount of disturbance, especially of horizontal magnetic 
force, is nearly the same at widely distant stations. 



BEPOBT — 1891 


uo 

An attempt has also been made to apply the Gaussian analysis to 
sudden magnetic disturbances, and, with a view to their application in 
future v/ork, the values of the Gaussian coefficients have been obtained 
for twenty different observatories, and the numerical equations formed 
for the elements of magnetic force in three directions mutually at right 
angles, and also the equation for the magnetic potential in terms of the 
Gaussian constants to the fourth order. The observatories of Washing- 
ton and Los Angeles in the United States of America are included in 
this list. 

During the past year a very interesting volume lias been published, 
giving the magnetic observations at the United States Naval Observa- 
tory at Washington for 1888 and 1889. In accordance with the recom- 
mendation made at the International Conference held at Washington in 
1884 the Imurs adopted in these American tables arc for the seventy-fifth 
meridian (west of Greenwich), mean time. 

The results of the Washington observations are contained in ten 
tables, as follows 

Table 1 - hourly values of flecliuatioii for 188<S-80, 

Table IL — 3han hourly declination for each nionth of taken fioin montlily 

cora]»ofite cur\ ** 

Table III.— Mean lionrly ^alue^ of lioiizontal force for each raonth of 1880 in c.g..s. 
unitN ((]} nc'.). 

Table IV -- Mian hoiuly values of vertical foice for each month of 18S1) in cgs. 
units (dvnes). 

Tables V , VJ , and VII — Ilouily valuesof declination, luu i/ontal foiee, and verti(‘al 
force re'=pcetively 

Table Vlll — Summaiy of di^turbanccs in decimal ion during 1888-SO, delcrmincd 
from tlm composite curve 

Tables JX. and X — Observations for 18S8-8'.t for liorizontal foico and dip respec- 
tively. ♦ 

In addition to the tables there are fourteen plates as follows : — 

Plate. I — Examples of the daily photogiaphic tiaoe^ of declination, lioi izontai 
and vertical force 

Plate II. — Mean diurnal vaiiation of tlio magnetic elements for IHSt) 

PnATE.s III., IV., V., VJ — -IMontlily coinj>osite cur^ 0 '^ ot decimation lor 1888 and 
1889, each plate for six months 

Plates VII. to XIV Comparisons of disturbe<l dav-. of declination at Washing- 
ton, Los Aiigole--, Toronto (Canada), and Pawlowsk (8t. retersbiiig). 

The traces are all placed for the .same time, and are reduced to the 
same length of base line. In the horizontal-force trace increase of ordi- 
nate denotes increase of force, and in the vertical-force trace increase of 
ordinate denotes decreasing force, and the scale- value adopted for both 
horizontal and vertical force instruments is very nearly the scale-value 
recommended in the third report of this committee to the British Asso- 
ciation (1887), viz., I centimetre of ordinate=’00()r> e.g.s. units. 

The Committee entertain hopes that another of their recommendations, 
to which attention was first dnuvn in their tliird report (1887), and to 
whicli attention was again drawn in tlicir fifth and sixtli reports, viz., 
the establishment of a IVfagnetic Observatory at the Cape of Good Hope, is 
about to be carried out. At a meeting of the Committee held on June 2, 
1891, at which the Cliairman, Sir William Thomson, Professor Rucker, 
Commander Creak, ^Ir. Ellis, and Mr. Whipple were present, and at which 
Mr. Gill also attended at the request of the Committee, a statement was 
drawn up with regard to the requirements for a Magnetic Observatory 
at the Cape of Good Hope, and a rough estimate of cost and maintenanco 
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was supplied by Mr. Whipple at the request of the Committee. It was 
resolved to ask the First Lord of the Admiralty to cousider a statement 
of these requirements and to receive a deputation of the Committee and 
other scientific men interested in the progress of terrestrial magnetism to 
urge the establishment of a Magnetic Observatory at the Caj)e of Good 
Hope, to be placed under the direction of Mr. Gill, the Director of the 
Cape Royal Astronomical Observatory. In answer to Sir William 
Thomson’s application to the first Lord of the Admiralty, asking him to 
receive a deputation on the subject, the First Lord requested that before 
receiving a deputation he might have a statement of the requirements 
with regard to the proposed magnetic observatory at the Cape to be asked 
for by the deputation. 

At the request of Sir William Thomson a statement was laid by the 
Chairman of the Committee before the first Lord of the Admiralty, 
pointing out the importance of establishing a magnetic observatory at the 
Cape of Good Hope and submitting a rough estimate of the cost of 
observatory and apparatus and the necessary requirements. 

In a circular issued by tlic International Metcoi’ological Committee, 
which will meet in Munich in September next, the following questions 
bearing on terrestrial magnetism are propo.scd for consideration : — 

Question 8 — Is it not necessary in the introdnctioii to the piiblicalicni of mag- 
netic observations to give ilic absolute \alues ot the noimal leadings of cliiteicntiaL 
inslrinnents ? 

Question HI - Would it not l)e useful to come to an agreement as to the values 
of the coordinates of magnetic cuives registered t)y magnetogiaphs ? 

To these (piestions, according to the opinion of' this Committee, as 
expressed in their reports, especially in their third report (1887), there 
can bo but one answer. The absolute values .of the normal readings of 
all magnetic instruments and their scale-values should bo given in the 
publication of magnetic records, and it would be convenient that the same 
scale-values should be adopted at all Observatories for similar instruments. 
The value recommended by this Committee for changes of horizontal and 
vertical force is '0005 e.g.s. units for 1 centimetre of the scale. 

The Committee recommend that for self-registering magneiographs 
the S(Tile values for declination, horizontal force, and vertical force should 
be arranged so that equal changes of ordinate correspond to equal in- 
crements of absolute force in three directions at riglii angles to one 
another, S;/, and Sz being tlic changes in the horizontal force In the 
magnetic meridian, the horizontal force perpcmlicitJar to the magnetic 
meridian and the vertical force respectively. 

The Committee also recommend that as far as possible the same time- 
scale should he adopted for the registering rnagnetographs at different 
Observatories, and that this scale should be lo millimetres to the hour. 

Professor Lemstrorn, of Helsingfors, also suggests the following ques- 
tions for consideration : — 

Question 20. — What method should be employed for the study of earth-currents ? 

Question 30.- Avpat is the extent of our knowledge of atmospheric electricity, 
and how should wc men.sure it quantitatively so as to get better results ? 

Question 32 — Wliat instrument is best for studying the variations of vertical 
intensity of terrestrial magnetism ? 

With regard to Question 32 the Committee arc of opinion that Lloyd^s 
vertical-force magnetometer is a very satisfactory instrument for studying 
the changes in the vertical magnetic force. 
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Report of the Committee^ consisting of Professor G-. Carey Foster, 
Sir William Thomson, Professor Ayrton, Professor J. Perry, 
Professor W. G. Adams, Lord Kayleigh, Dr. 0. J. Lodge, Dr. 
John Hopkinson, Dr. A. Muirhead, Mr. W. H. Preece, Mr. 
Herbert Taylor, Professor Everett, Professor Schuster, Dr. 
J. A. Fleming, Professor G. F. Fitzgerald, Mr. K. T. Glaze- 
brook (Secretary), Professor Chrystal, Mr. H. Tomlinson, Pro- 
fessor W. Garnett, Professor J. J. Thomson, JVIr. W. N. Shaw, 
Mr. J. T. Bottomley, and Mr. T. Gray, appointed for the 
purpose of constructing and issuing Practical Standards for 
use in Electrical Measurements, 

The work of testing resistance coils at the Cavendish Laboratory has been 
continued. A table of values found for the coils is appended : — 


B.A, Units, 


No. of Coil 


Resi.stanco in B.A. Units 

Temperature 

Elliott, 245 . 

• % N0.7V 

•9995 1 

1 

i ll®-9 

1 

Elliott, 240 . 

■ ^ "j 

•00949 

1 12° 15 

Elliott, 218. 

■ ^ No. 7C 

99988 

1 13° 9 

B.A , No. 38 

• No. 77 

1 00023 

; 15° 7 

Elliott, 257 . 

• No. 78 

1000 10 

! 15° G 

Legal Ohms. 

No of Coil 


Resistance in Lejjal Ohms 

Temperature 

McWhirter, L 0. 

^ No. 200 

•9983G 

13° 0 

Elliott, 214 

No. 202 

•99871 

ll°-75 

Elliott, 250 

^ No. 203 

-.09924 

13°-9 

Nalder, 3081 

^ No. 204 

•098G8 

15°-2 

Elliott, 258 

^ No. 205 

•09985 

15°*4 

Elliott, 250 

^ No. 20C 

•09975 

15°-5 

ElUott, 200 

^ No. 207 

10 0019 

15°-G 

Nalder, 2018 

No. 208 

lO-OOGG 

17°-8 

Nalder, 2020 

^ No. 209 

100 05G 

17°'7 
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Ohm Coils. 


No. of Coil 

Resistance in Ohms 

Temperature 

Elliott, 243 

. . . ^ No. 201 

■99048 

ll'^-85 

Elliott, 2G7 

. . . No. 325 

1-00040 

16°0 

Nalder, 3059 


1-00005 

1G°8 


Among these the coil B.A. !N‘o. 38 ^ No. 77 has a special interest ; 

it is an original platinum silver coil which formerly belonged to Professor 
Balfour Stewart, and is now in the possession of Professor Schuster at 
the Owens College. According to the label on it, it was right at 16°*5. 
According to the Secretary’s observations, its value is one mean B.A. 
Unit at 14'9. This coil, therefore, would appear to have risen in value 
since about 18G7 by ‘0006 B.A.U., and this result is not in accordance with 
the conclusions deduced in 1888 from the observations on the other plati- 
num silver coils then examined. 

Some further experiments have been made with satisfactory results 
on the air-condensers of the Association. A megohm resistance box has 
been purchased for use in comparisons of capacity. 

With a view to testing the permanence of the resistance standards it 
was thought desirable to compare them again with the mercury standards. 
This was done in December and January by the Secretary. The coil 
Flat was compared with two mercury tubes constructed in 1884 by Mr. 
J, R. Benoit, which had been filled at Cambridge early in the year 1885, 
and had remained full since. An account of the comparison was read 
before the Physical Society May 9, 1891, and appears in the ‘ Philoso- 
phical Magazine,’ July, 1891. 

The tubes were compared with the B.A. standards. If we tjike, as was 
done in 1885, for the resistance in B.A. units of a column of mercury 
100 cm. long 1 sq.-mm. in section, the value *95412 B.A.U., wc have the 
following results for the resistance of the tubes in Legal Ohms. 


No. 

Value in 1885 
found by RTG 

Value in 1891 
found by RTG 

37 

'99990 

•9998G 

39 i 

99917 

•99913 


The differences are only *00004 Legal Ohms, which is too small to feel 
really certain about. If we accept for the resistance of mercury the value 
*95352 B.A.U., which (B.A. Report, 1890) appears the best value, then 
we have : 


No. 

Value pfiven by 
Benoit 188r) 

Value found by 

RTG in 1891 

37 

39 

100045 

■99954 

1-00033 

•99959 
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These comparisons were made with Flat, and lead to the conclusion 
that it has remained unchanged. ' 

In November, 1890, the Association was invited by the President ot 
the Board of Trade to nominate two members to represent the Associa- 
tion on a Committee ‘ On Standards for the IVIeasureraent of Electricity 
for use in Trade.’ A meeting of the Electrical Standards (jommittee was 
held on December 2, and it was agreed to suggest to the Council of the 
Association the names of Professor Carey Foster and R. T. Glaze- 
brook as representatives. These gentlemen wore appointed by the Board 
of Trade togetlier with Mr. Courtenay Boyle, C.B., J\Iajor Carden, Mr. E. 
Graves, Mr. W. H. Prcece, Sir Wm. Thomson, l^ord Kayleigh, Dr. Jno. 
Hopkinson, and Professor Ayrton. 

This Committee after various meetings drew up a report, a copy of 
which is printed as Appendix I. to this report. 

The standards of resistance constructed in accordance with Resolution 
6 of the report are now in the hands of the Secretary, and are being 
compared with the standards of the Association. 

Numerous experiments on the methods of constructing Clark’s cells, 
and on the eloctroniotivo force of such cells, have been niado at the 
Cavendish Laboratory by Mr. Wilberforce, i^tr. Skinner, and the Secre- 
tary. These are stdl incomplete, but the experiments so far as tliey have 
been finished lead to the value volts at for tlie E..M F. of the cell. 
The value found by Lord Rayleigh was Plo5 at the same temperature. 

Mr. hitzpatrick has continued hi.s ex])eriments on the resistance of 
silver, and an account of these will be given in a future Report. 

The Committee ask for reappointment with omi^sion of tlie names of 
Principal Garnett and Mr. H. Tomlinson, and addition of tho.so of Dr. G. 
Johnstone Stonoy and Professor S P. Thompson. They recommend that 
Professor Carey Foster be Chairman, and JL T. ((laze‘brook Secre- 
tary. They further ask to be allowed to retain an unexpended balance of last 
year's grant, amounting to 17/. 4s. C></., as well as for a new grant of Pf/. 


APPENDIX I. 

Repoi;t of lUL EiJtinicAL 8 tani'ARI».s Cdmmiiili. nir 

BnAKD OF TkADF. 

To th^' Uijli' Ho>io>ria])Jt‘ Sir Michael Hicks- Beach, Bad., M.I*., Bresuleut 
(/f the BoanJ of Trade. 

In compliance with the instructions contained In yonr Minute of the 
ICth December last, that we should consider and report whether any, and, 
if so, what action should be taken by the Board of Trade under section 0 
of the Weights and Mea.sures Act, 1889, with a view to causing new 
denominations of standards for the mca.suremcnt of electricity for use for 
trade to be made and duly verified, we have the honour to submit the 
following report ; 

1. Before coming to a decision as to the points referred to us, wo 
were anxious to obtain evidence as to the Avisbes and views of those 
practically intere.sted in the question, as avoH as of Local Authorities 
who are concerned in the administration of the Weights and MeosnreB 
Acts. 
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2. With this view we prepared dfeft resolutions embodying the pro- 
posals which, subject to farther consideration, appeared to ns desirable, 
and forwarded copies to the representatives of various interests for criti- 
cism. Copies were also forwarded to the Press. Wo also invited the 
following bodies to nominate witnesses to give evidence before us : 

The Association of Chambers of Commerce of the United King- 
dom. 

The Association of Municipal Corporations. 

The Ijondon County Council. 

The Loudon Chamber of Commerce. 

3. In response to this invitation the following gentlemen attended and 
gave evidence : 

On behalf of the Associjiiion of Chambers of Commerce, Mr. 

Thomas Parker and ]\lr. Hugh Erat Harrison. 

On behalf of the Tx)ndon Council, Professor Silvanus Thompson. 
On behalf of the Loudon Chamber of Commerce, iMr. R. E. 
Crompton. 

The Association of ^Municipal Corporations did not consider it 
necessary to offer any oral evidence, but the following resolu- 
tion passed by the Law Committee of that body, was adopted 
by the Conned of tlie Association : 

‘ The Committee are of opinion that, assuming that the 
scieiu'c of electricity has advanced so fai* that it is now 
possible properly to define tlie thi'ce units referred to 
in the Board of Trade letter,’ (/.c., the ohrn, ampere, 
{ind volt) ‘ and to construct an instrument for the 
pur])ose of standard measurement, the time has 
arrived for the Board of Trade to take action thereon.' 

4. Tn addition to the witn(‘ss(‘s above referred to the following gentle- 
men %Nere invited to give evidence, and we are indeiited to them for 
valuable iuformation and assistance. 

Dr. J. A. Fleming. 

J)r. Alexander ]\lui’rhead. 

r». We also had the advantage of the experience and advice of Mr. 
H. J. Chaney, Superintendent of Weights and JMeasures, who, at the 
request of our Cliairman, was present at our meetings. 

G. After a careful consideration of tho questions submitted to ns, and 
tlio evidence given liy tho various "witnesses, we have agreed to the follow- 
ing resolutions : 

1. That it is desirable that new denominations of standards for the 

measurement of electricity should be made and approved by 
Her Majesty in Council as Board of Trade standards. 

2. Tliat tho magnitudes of these standards should be determined 

on tho electro-magnetic system of measurement with reference 
to tho centimetre as unit of length, the gramme as unit of 
mass, and the second as unit of time, and that by the terms 
centimetre and gramme are meant the standards of those 
denominations deposited with the Board of Trade. 
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3. That the standard of elect^cal resistance should be denominated 

the ohm, and should have the value 1,000,000,000 in terms of 
the centimetre and second. 

4. That the resistance offered to an unvarying electric current by 

a column of mercury of a constant cross sectional area of one 
square millimetre, and of a length of 10G*3 centimetres at the 
temperature of melting ice may be adopted as one ohm. 

b. That the value of the standard of resistance constructed by a 
committee of the British Association for the Advancement of 
Science in the years 18G3 and 18G4, and known as the British 
Association unit, may be taken as *9860 of the ohm. 

G. That a material standard, constructed in solid metal, and veri- 
fied by comparison with the British Association unit, should 
be adopted as the standard ohm. 

7. That for the purpose of replacing the standard, if lost, destroyed, 

or damaged, and for ordinary use, a limited number of copies 
should he constructed, which sliould be periodically com- 
pared with the standard ohm and with the British Associa- 
tion unit. 

8. That resistances constructed in solid metal should bo adopted 

as Board of Trade standards for multiples and subraultiples of 
the ohm. 

9. That the standard of electrical current should be denominated 

the ampere, and should have the value one-tenth (Od) in 
terms of the centimetre, gramme, and sei'ond, 

10. That an unvarying current which, when passed through a 
solution of nitrate of silver in water, in accordance with tho 
specification attached to this report, deposits silver at the 
rate of 0 001118 of a gramme per second, may be taken as a 
current of one ampere. 

11. That an alternating current of one ampere shall mean a cur- 
rent such that the .squjire root of tlie lime average of the 
square of its strength at each instant in amperes is unity. 

12. That instruments constructed on the principle of the balance, 
in which by the proper disposition of the conductors, forces 
of attraction and repulsion are produced, which depend upon 
the amount of current passing, and are balanced by known 
weights, should be adopted as the Board of Trade standards 
for the measurement of current whether unvarying or alter- 
nating. 

13. That the standard of electrical pressure should bo denomi- 
nated the volt, being the pre.ssure which, if slcadily applied to 
a conductor whose resistance is one ohm, will produce a cur- 
rent of one ampere. 

14. T hat tlie electrical pres.suro at a temperature of G2” F. between 
the poles or electrodes of the voltaic cell known as Clark’s 
cell, may be taken as not differing from 1*433 volts by more 
than an amount which will bo determined by a sub-com- 
mittee appointed to investigate the question, who will prepare 
a specification for the construction and u.se of the cell. 

lo. That an alternating pressure of one volt shall mean a pressure 
STich that the square root of the time-average of the square of 
its value at each instant in volts is unity. 
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16. Thafc instruments constructed on tbe principle of Sir W. Thom- 
son's Quadrant Electrometer used idiostatically, and for high 
pressures instruments on the principle of the balance, electro- 
static forces being balanced against a known weight, should 
be adopted as Board of Trade standards for the measurement 
of pressure, whether unvarying or alternating, 

7. We have adopted the system of electrical units originally defined 
by the British Association for the Advancement of Science ; and we have 
found in its recent researches, as well as in the deliberations of the Inter- 
national Congress on Electrical Units, held in Paris, valuable guidance 
for determining the exact magnitude of the several units of electrical 
measurement, as well as for the verification of the material standards. 

8. We have stated the relation between the proposed standard ohm 
and the unit of resistance originally determined by the British Associa- 
tion, and have also stated its relation to the mercurial standard adopted 
by the International Conference. 

9. We find that considerations of practical importance make it un- 
desirable to adopt a mercurial standard, we have, therefore, preferred to 
adopt a material standard constructed in solid metal. 

10. It appears to us to be necessary that in transactions between 
buyer and seller a legal character should henceforth be assigned to the 
units of electrical measurement now suggested, and with this view, that 
the issue of an Order in Council should bo recommended, under the 
Weights and ^Measures Act, in the form annexed to this report. 

Specification referred to in Resolution 10. 

In the following specification the term silver voltameter means the 
arrangement of apparatus by means of which an electric current is passed 
through a solution of nitrate of silver in water. The silver voltameter 
measures the total electrical quantity which has passed during the time 
of the exj>criment, and by noting this time the time-average of the 
current, or, if the current has remained constant, the current itself can 
be deduced. 

In employing the silver voltameter to measure currents of about 
1 ampere the following arrangements should be adopted. The kathode 
on which the silver is to be deposited should take the form of a platinum 
bowl not less than 10 cm, in diameter, and from 4 to 5 cm. in depth. 

The anode should be a plate of pure silver some 30 square cm. in area 
and 2 or 3 millimetres in thickness. 

This is supported horizontally in the liquid near the top of the solu- 
tion by a platinum wire passed through holes in the plate at opposite 
corners. To prevent the disintegrated silver which is formed on the 
anode from falling on to the kathode, the anode should be wrapped round 
with pure filter paper, secured at the back with sealing wax. 

The liquid should consist of a neutral solution of pure silver ilitrate, 
containing about 15 parts by weight of salt to 85 parts of water. 

The resistance of the voltameter changes somewhat as the current 
passes. To prevent these changes having too great an effect on the 
current, some resistance besides that of the voltameter should be inserted 
in the circuit. The total metallic resistance of the circuit should not be 
less than 10 ohms. 
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Method of Making a Measurement. 

The platinum bowl is washed wich nitric acid and distilled water, 
dried hy heat, and then left to cool in a desiccator. When thoroughly 
dry it is weighed carefully. 

It is nearly filled with the solution, and connected to the rest of the 
circuit by being placed on a clean copper support, to which a binding 
screw is attached. This copper support must be insulated. 

The anode is then immersed in the solution so as to be well covered 
by it and supported in that position ; the connexions to the rest of the 
circuit are made. 

Contact is made at the key noting the time of contact. The current 
is allowed to pass for not less than half an hour, and the time at which 
contact is broken is observed. Care must bo taken that tho clock used 
is keeping correct time during this interval. 

The solution is now removed from the bowd and the deposit is washed 
with distilled water and left to soak for at least six hours. It is then 
rinsed successively with distilled water and alcohol and dried in a hot-air 
bath at a temperature of about lOO'^ C. After cooling in a desiccator it 
is weighed again. The gain in weight gives the silver deposited. 

To find tho current in amperes this weight, expressed in grammes, 
must be divided by the number of seconds during which tlie current has 
been passed, and by *001118. 

The result will bo the time average of the current, if during tho 
interval the current has varied. 

In determining by this method tho constant of an instrument, the 
current should be kept as nearly constant as possible, and the readings 
of the instrument taken at frequent observed intervals of time. These 
observations give a curve from which the reading corresponding to the 
mean current (time average of the current) can be found. The current, 
as calculated by the voltameter, corresponds to this reading. 


Provisioxal Memorandum on the Preparation of the Clark’s 
Standard Ci ll. 

Definition of the Cell, 

The cell consists of zinc and mercury in a saturated solution of zinc 
sulphate and mercurous sulphate in water, prepared with mercurous 
sulphate in excess, and is conveniently contained m a cylindrical glass 
vessel. 

Dreparatioii of ike Maferlnls, 

1. The Mercurij . — To .secure purity it .should be first treated with acid 
in the usual manner, and 8ubsef[uently distilled in vacuo. 

2. The Zinc . — Take a portion of a rod of pure zinc, solder to one end 
a piece of copper wdre, clean the whole with glass paper, carefully remov- 
ing any loose pieces of the zinc. Just before making up the cell dip the 
zinc into dilute sulphuric acid, wash with distilled water, and dry with a 
clean cloth or filter paper. 

3. The Zinc HuJpfudc Solution . — Prepare a saturated solution of pure 
pure re-crystallised ’) zinc sulphate by mixing in a flask distilled water 

with nearly twice its weight of crystals of pure zinc sulphate, and adding 
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a little zinc carbonate to neutralise any free acid. The whole of the 
crystals should be dissolved with the aid of gentle heat, i,e, not exceeding 
a temperature of 30'’ C., and the solution filtered, while still warm, into 
a stock bottle. Crystals should form as it cools. 

4. The Ifercuroufi Sidphate . — Take mercurous sulphate, purchased as 
pure, and wash it thoroughly with cold distilled water by agitation in a 
bottle ; drain off the water, and repeat the process at least twice. After 
the last washing drain off as much of the water as possible. 

Mix the washed mercurous sulphate with the zinc sulphate solution, 
adding sufficient crystals of zinc sulphate from the stock bottle to ensure 
saturation, and a small quantity of pure mercury. Shake these up well 
together to form a paste of the consistence of cream. Heat the paste 
sufficiently to dissolve the crystals, but not above a temperature of 30°. 
Keep the paste for an hour at this temperature, agitating it from time to 
time, then allow it to cool. Crystals of zinc sulphate should then bo 
distinctly visible throughout the mass ; if this is not the case, add more 
crystals from the stock bottle, and repeat the process. 

This method insures the formation of a saturated solution of zinc and 
mercurous sulphates in water. 

The presence of the free mercury throughout the paste preserves the 
basicity of the salt, and is of the utmost importance. 

Contact is mnde with the mercury by means of a platinum wire about 
Ko, 22 gauge. This is protected from contact with the other materials of 
the cell by being scaled into a glass tube. The ends of the wire project 
from the ends of the tube ; one end forms the terminal, tlie other end 
and a portion of the glass tube dip into the mercury. 

To set up the Cell. 

The cell may conveniently be set up in a small test tube of about 
2 cm. diameter, and G or 7 cm. deep. Place the mercury in the bottom 
of this tube, filling it to a depth of, say, 1*5 cm. Cut a cork about 
*5 cm. thick to fit the tube ; at one side of the cork bore a hole through 
which the zinc rod can pass tightly ; at the other side bore another hole 
for the glass tube which covers the platinum wire ; at the edge of the 
cork cut a nick tlirough which the air can pass when the cork is pushed 
into the tube. Pass the zinc rod about 1 cm. through the cork. 

Clean the glass tube and platinum wire carefully, then heat the 
exposed end of the platinum red hot, and insert it in the mercury in 
the tost tube, taking care that the whole of the exposed platinum is 
covered. 

Shake up the paste and introduce it without contact wdth the upper 
part of the walls of the test tube, filling the tube above the mercury to a 
depth of rather more than 2 cm. 

Then insert the cork and zinc rod, passing the glass tube tlirough the 
hole prepared for it. Push the cork gently down until its lower surface 
is nearly in contact with the liquid. The air will thus be nearly all 
expelled, and the cell should be left in this condition for at least twenty- 
four lioui's before sealing, which should bo done as follows : — 

Molt some marine glue until it is fluid enough to pour by its own 
weight, and pour it into the test tube above the cork, us.ng sufficient to 
cover completely the zinc and soldering. The glass tube should project 
above the top of the marine glue. 
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The cell thus set up may be mounted in any desirable manner. It is 
convenient to arrange the mounting so that the cell may be immersed in 
a water bath up to the level of, say, the upper surface of the cork. Its 
temperature can then be determined more accurately than is possible 
when the cell is in air. 


Interim Report of the Committee^ consisting of Professor Cayley, 
Professor Sylvester, Mr. A. K. Forsyth, and Professor A. Lodge 
(Secretary), appointed for the purpose of carrying on the 
Tables connected with the Pellian Equation from the point 
where the ivork was left by Degen in 1817. 

A LARGE part bat not the whole of the work has been completed, but the 
Committee hope to have it completed in time for next year’s meeting of 
the Association. 

101, of the grant of 15Z. has been expended. 


Seventh Report of the Committee, consisting of Sir G. G. Stokes 
( Chairman), Professor Schuster, Mr. G. Johnstone Stoney, Sir 
H. E. Eoscoe, Captain Abney, Mr. Whipple, Professor McLeod, 
and ]Mr, G. J. Symons (Secretary), appointed for the purpose 
of considering the best methods of recording the direct Intensity 
of Solar Radiation, 

Yocr Committee have to report that, after considerable search, Professor 
Schuster found the thermometers constructed for Professor Balfour 
Stewart for use with the apparatus designed by and constructed for 
him, and that the apparatus and a mass of correspondence relating thereto 
had been placed in Professor McLeod’s hands. He reports that he has 
tested all the thermometers, and made observations with the instrument 
when opportunity has offered. He has found it desirable to provide a 
screen to prevent the action of the snn on the outside of the instrument 
affecting too much, or too unequally, the reading of the internal thermo- 
meters. It was always contemplated that the action of the sun on the 
case of the instrument would affect the embedded thermometers ; hut as 
care was taken that the central thermometer should be prompt in respond- 
ing to changes of temperature, while the embedded thermometers, in 
consequence of the way in which they were protected, should change but 
slowly, it was expected that the difference between the temperatures 
marked by the central thermometer and by the embedded thermometer 
respectively would be sensibly proportional to the intensity of solar 
radiation, notwithstanding the changes of temperature of the outer case. 
This anticipation, the correctness of which is of vital importance to the 
success of the instrument, has not, however, as yet been tested experi- 
mentally, and the trials would require to be made under specially favour- 
able atmospheric conditions. The Committee hope to report definitely 
in the course of another year as to the utility of the apparatus and 
desire reappointment without any grant. 
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Refport of the Committee^ consisting of Sir H. E. Koscoe, Mr. J. N. 
Lockyer, Professors Dewar, Wolcott Gihhs, Liveing, Schuster, 
and W. N. Hartley, Captain Abney, and Dr. Marshall Watts 
{Secretary^ appointed to prepare a new series of Wave-length 
Tables of the Spectra of the Elements and Compounds. 

Iron (Arc SrECXRUM).^ 


(I denotes one of Rowland’s ‘normal’ linos, or one of Miillor and Kempf ‘300’ 
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IiioN (Arc Spectrum)— 


1 


! 


J- 

lleduetion 


Kav'^or and 

Thalen 

Intensity ! 

]M illler and 

5 ^ 

to Vacuum 

Oscillation 

Liiuj^o 

- 

— 

and 

Kcuipf. 




FreMuenov 

(Koivland) 

An;;stroin 

Fieviv. 

Charaetei : 

1^-7 

A -h 

1_ 

A 

in Vacuo 

6501 38 

03 3 


2 


108 



15360*7 

6501*77 

00 7 


2 


107 



1537 5*0 

6UH) 13 

08*3 


2 


0 83 



15382 2 

6106 68 

06*1 


*> 


0 58 



15388 0 

6105*13 

912 


10 


0 03 



15301 6 

6101*00 



1 





15301 1 

6402 81 



1 





15307*1 

6400 60 



1 





15102*1 

6188 30 



2 





15107*6 

6186 08 



2 



1*01 


15113 1 

i 6183*93 



1 



1*00 


15118 2 

; 6181 07 

81 0 


1 


0 07 



15122 0 

1 6175 73 

718 

4 

t6475 01 

0 03 



15137 8 

1 6171 58 


1 1 





15117 7 

1 6160 10 

68 5 

1 


0*00 



15152 0 

1 16462 76 

61*7 

' 1 

16162 05 

1*06 



15168*8 

6157*10 


' 1 





15182 1 

; 6156 51 

55 2 

: 1 


1*31 



15483-7 

6150 08 


' 1 

16150 18 


1 oo 


15100 2 

' 6130 21 


1 

fOiao 38 


1 80 


1 5525*3 

6136*70 


1 1 




15531 2 

6133 12 


I i 




1 15530*3 

' 6132 S 5 


1 




1 15510 7 

tGl3() 00 

30 1 

8 

t(il31*12 

0 SO 


' 15515 2 

6126*75 


1 1 




15555 5 

. 6121 52 

20 6 

' 8 

; tGl21 72 

0 02 


1 li5568 I 

r>120 23 

10 2 

. (ill 

1 

1 03 


, 15571 3 

; 6117 21 


1 1 

1 



' J 5578 5 

' 6111*23 

I 

! 1 

i 


1 80 

1 15585 S 

i 6111*83 

U) 0 


8 

j foil] 08 

0 03 

1 88 

1 15501 7 

1 6111 18 



1 




1 5 

; 15503 2 

1 6108 25 

07 1 


! (i 

16108 35 

1*15 


1 6 

; 15600 3 

; 6101 08 


1 

i 



1 15608 2 

6102 71 



1 




' 15613 7 

; 6100 13 

001 

! 10 

1 f 6100 35 

1*03 


’ 15620*1 

! 630‘0 68 


] 

! 




15621 2 

• 6308 30 



1 

1 




15621 5 

! 6306*22 



1 





1 5620 6 

1 6303 S3 



j 16393 02 




15635 5 

' 6303 63 

1)2 6 

1 8 


1*03 



15636 0 

6302*06 


i ) 

i 



15637*6 

6301 50 


1 



1 

15611 2 

' 6380*51 


1 1 




15616 0 

1 6387 11 


1 1 



1 

15651*1 

! 63 S6 28 


: In 

! 


i 

15654 0 

6385 00 


! 2 




! 15657*1 

6383 57 


i 1 




15660*6 

6382 37 


1 




15663 (» 

f6380 80 

70 7 

70*5 

(i 

t6381-13 

MO 


1 15667*2 

6370*32 ' 


1 



1*88 

! 1 5671*1 

6378 16 



1 



1-87 

j 15673*0 

6376 00 

75*0 

73*5 

1 

i 

1 00 


i 15670*0 

6373 80 



1 




15684*4 

6371*60 ' 


! 1 




15600*0 

! 6360*70 


i 1 




. 15604*5 



ON 'VrAVE-LENOTH TABtiES OF THE SPECTRA OF THE ELEMENTS. 163 
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Ikon (Akc Spectrum) 
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Iron (Arc Spectrum)— 
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Kayser and 
Kunj'e 
(Kowlund) 


bbpobt — 1891 . 

Iron (Arc SPT^ci!RVvi)-~contintied. 
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Reduction to 
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1 





17017 1 

' t58G2 5l 

G1 5 

G1 1 

10 

t58G2*GG 

1*01 



17052-5 

' 5859 83 

58 1 

58 ."j 

8 


1*43 



17060 3 

: 6857 7 i 



1 

15857-80 




1 7066 5 

! 585G 2 1 

55'5 

: “5 2 

2 


0*71 



17070-8 

' 6855-30 


; 512 

1 





17073-5 

5851 01 



1 



1*73 


17077 3 

r><S53 38 


j 52 2 

1 



1-72 


17079-1 

6852 :’»5 

61-3 

i 510 

2n 


1-05 



17082 1 

6849 80 

1 18*5 

' 18 5 

1 


1*30 



17089-6 

6819*07 


1 

1 





17091-7 

5818 25 

1 17 1 

17-2 

2n 

16848-52 

0 85 



17094*1 

1 5845 93 



1 





17100*9 

5815*13 

! 


1 





17103-3 

6838 01 

j 37 0 

35-8 

2 


1*64 



17122-3 

6837*88 


35-1 

2n 




6*0 

17124-5 

683G 00 



1 




5*1 

17129-9 

5835-62 

32 5 

33-5 

2 


3*02 



17I31-3 

1 6834-22 



la 





17135*1 

5830-80 i 

27 5 j 

27-5 

1 


3*30 



17145*2 

6827*83 1 


26*0 1 

1 



1*72 

17153*9 

15816*60 1 

15*5 i 

16-6 1 

6 

t6816*68 

1*00 

171 

17187*4 



ON ‘WAVE-LENGTH TABLES OP THE SPECTBA OP THE ELEMENTS. 169 


Iron (Arc Spectrum) — continued. 


Kay Her and 
Kunge 
(Rowland) 

Thalen 

Intensity 

and 

IJharacter 

Milller and 
Kempf ! 

i 

8-al 

<=> S 12 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Angstrom 

Fievez ^ 

S s 5 
aw-ji 

A + 

1 

a" 

5815-54 



1 





17100-2 

5815 02 

14-0 

13-6 

2 


1-02 



17191-7 

581 1 09 

11-0 

10-6 

1 


0-00 



17200-7 

5800 80 

08-8 

08-0 

2 


1-09 



17208 4 

5808-10 


06 7 

1 





17212 2 

580G-88 

05 8 

05*8 

2 

15807-05 

103 



17216-0 

5805 88 



1 





17219-0 

r>804-68 

08-5 

03-2 

1 


1*13 



17222 5 

5804*22 


02 8 

1 





17223-7 

5800 21 


00-0 

1 





17235-7 

5708 88 

07-3 

07-3 

2 


1-08 



17241*1 

5704-00 

08-0 

02-2 

2 


1-09 



17258*9 

5701-82 



1 





17260 0 

15701 14 

00*2 

00-1 

4 

15791*30 

0-04 



17262 6 

5700-55 


80-8 

1 





17264 4 

5788-45 



1 





17270*7 

5785-50 


84-5 

1 





17270*5 

5781 78 


84 2 

1 





17281-0 

5781 00 


83-4 

1 



1*71 


17281-0 

15782 28 

81-3 

81-0 

8 


■0-08 

1*70 


17280-1 

578081 

77-5 

78-5 

2 


3 34 



1 7293*4 

i 5778 58 

70-0 


1 


2 58 



17300-2 

1 15775 24 

71 1 

74*0 

6 

15775-36 

1-14 



17310-2 

1 5771-40 



1 





17312*4 

5771 28 


GO 7 

1 





17322-1 

! 5700 07 



1 





17327-8 

1 5705 0 1 



1 





1 7330 9 

i 15700-15 

Cl-0 

02-0 

10 

1570323 

1-25 



17346 5 

j 5702 58 



1 





I 73 48 2 

5701 70 



In 





173.30*9 

1 5701 50 


69*0 

1 





17351*8 

5700 51 



2 





17354-5 

, 5750-75 



la 





17356 8 

, 5750-87 


58 2 

1 





17357-0 

[ 5750 85 


66-0 

In 





17305 5 

, 5755 24 



1 





17370-4 

j 5 751*41 


58 0 

In 





17372 8 

1-5758 28 

52 0 

52 0 

8 


1-28 



17370-3 

5752 11 

51 0 

51 0 

2n 


Ml 



17370*8 

5718 01 

40 7 

46 5 

2ii 

t5748a9 

1-31 

1*70 


17302*2 

5745 81 



1 



1-09 


17400*3 

5748 01 


41 8 

1 





17407*3 

5742 02 

40 0 

40 0 

2 


M2 



17410 4 

5740 10 


30 5 

1 





17410 2 

5788-18 



1 





17421*3 

1 6787 11 


30 8 

1 





17*425-3 

1 5788 07 



1 





17434-8 

! t0781*01 

80-5 

30*5 

6 

t5732-Or 

1*41 


5*1 

17441-1 

; 5727 80 

27-0 

28-0 

1 


0-80 


6*2 

17453*3 

, 6727.20 



1 





174.55*3 

1 5724 52 



1 





17463*5 

1 5728-82 

23-0 

22*5 

1 


0-82 



1740.5*6 

1 5722-00 



1 





17471*2 

i 5720 05 

20-0 

19*8 

In 


0-96 



17474*4 

1 6718-03 

16-8 

10-5 

6 

16718*13 

1*23 



17483*3 



170 


Kayser aud 
Kun«;c 


REPOKT — 1891- 

Iron (Arc SvBCTRVU^—rontinncd. 


571(i 20 
t57ir>-2i 
571KU 
5712oi 
5712 30 
571202 
t570y'5(; 
5708 25 
5707- 15 
5700-1 1 
5705 05 
5704 87 
5703 00 1 
5702-50 
45701 71 i 
5700 ;‘>7 ; 
5000 02 
5008-55 
5008 23 

5000 02 
5005 21 
5003 77 

5001 01 

5000 70 
5088 52 

5080 OO 

508 1 8 1 
5083 25 
5080-12 

t5070 18 
5072 32 
5608 05 
5007 07 
500005 

500 1 8.> 
5003 04 

15002-08 
5001-50 
5000 05 
5058-03 
5057-00 
5050-84 
f 5055*04 
5055-10 
5054 21 
5052-51 
5051*53 
5050-00 
5050 24 
5640-00 
5046*84 
6646-20 
6015*05 
6044-15 
6642-09 


Thalen 

Intensity 

and 

Character 

Angstrom 

Ficvez 

15 2 


1 

13-8 

14 0 

4 

13 3 

133 

2 



1 


11-0 

2 

10 8 

10 7 

2 

08 3 

08-5 

8 

1 07 1 

07-1 

2 

O(V0 

00 0 

2 

05 0 

05-0 

4 



1 2 




1 

1 1 

i 


00 1 1 

00-5 1 

0 

1-31 1 


1 


4 

' 1 


1 


1 

5098 70 ; i 


07 2 1 

07*5 

2 

* 1-35 ' 



1 

1 




05*5 I 

1 

1 




1 

1 




02 8 

03-0 ! 

2 

0 07 



00 0 

00-8 i 

2 

l.Ol 




1 

1 






1 

' 



85 5 

85-3 

0 

- 1-10 





1 

! ' 



82-2 

1 



70 0 

70-2 

1 

M2 


77 0 

78-0 

1 

1 28 

1-08 


71 0 

70-5 

1 

1-32 

1 07 



00- 1 

1 




00-0 

00 0 

4 

1-07 





1 






1 

i 


1 


’ 03 0 

1 1 



! 

01 0 

1 01-5 

■ ^ 

, 1-08 




1 00 3 

; 1 1 





50 7 

1 

i 



57-0 

1 57-9 i. 

; 10 

; 1-33 



! 

1 

i i 



1 

1 



51 4 

i 54-0 

4 

; 1 24 , 




2 

{ ' 



1 

In 

' i 


51-0 

52-5 

2 

0-91 



50-4 

1 

1 ! 



, 49-5 

1 

i 


1 

' 48-8 

1 




! 48-0 

‘ 48-0 

In 

1-00 



! 

i 47-5 

1 

I 

1 



1 

i 

In 

1 



! 

; 44-0 

1 

i 



1 43-0 

1 42-7 

2 

f 5044-27 ll'> 




1 42 0 

1 

1 

1 



17488-0 
17101-0 
17104-0 
17407-1 
1 7500-0 
17501-7 
1 7500 3 
17513-3 
17510 7 
17510-8 
17521-3 
17523 7 
17527-4 
17531 0 
17533 4 
17537 5 
17530 8 
17513-1 
17541 1 
17550-0 
17553 1 
17557 0 
17501-1 
17507 1 
17571 1 
17580 0 
17585 1 
17500 4 
17500-1 
17003 0 
17024-3 
17035 7 
17038-7 
17041-0 
1 70»47-5 
17050 1 
17051-3 
17058 0 
17050 7 
17000 0 
17000 2 
17072 5 
17070-3 
17077-0 
17080-7 
17080 0 
17080-1 
17000-9 
17003-2 
17001-3 
17703*8 
17705-8 
17700 0 
17712-3 
17715-1) 
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Iron (Arc Spectrum)— 

ELEMENTS. 171 

IvjiA'ser aiui 

TliaU'a 

Intensity 


« a 

0 -tS p 

2^43 

Reduction to 

Vaoumn | 

liun^o 

(Rowland) 

AngbtroiTi 

1 Fim-z 

and 

Character 

Kempf 

% I5 

A + 

1 in Vacuo 

n(i 12 76 



1 




1771 6-G 

15641 -60 

40 2 

; 40-5 

4 


1*40 

1-07 

17720:4 

5610-00 


:40-5 

In 



1-66 

1772:4 4 

66:{8 45 

:47 2 

:47-:4 

6 

t56:48 58 

1-25 


177:40-2 

56:47-5:4 


:4()-o 

1 




177:4:41 

56:17-20 



1 




177:4:4 8 

56:i6 84 


:45 2 

1 




17735-2 

56:46 OH 


:i\ 0 

4 




177:47 6 

66:44 16 

:42 7 

02 5 

4 


1 4G 


17743-7 

56:42 54 


:;io 

1 




17748-8 

56:4 1-8 4 



2 




17751-0 

56:40 70 



1 




1 7754-G 

5620 :4:4 



1 




17768 0 

5628 m 



4 




17760 0 

5627 72 



2 

' 


17764 0 

5626-87 



1 

1 


1776(i 7 

5(;25-95 

21-4 

24-1 

4 

1 1-55 


17769 6 

t562 4 70 

2:4 2 

2:4 5 

8 

i 1 50 


1 17773 5 

562:4 95 



1 



1 17775 0 

562:4 61 



1 



! 17777 0 

5621 72 



1 

1 

5-2 1 17782 0 

5620-70 

10 

19 4 

li 

' 1*40 

5:4 1 17786 1 

5610 70 


18 5 

1 

{ 

i ; 17789 2 

5618 81 

18 0 

17 7 

2 

, 0 81 

; 17702-1 

5617 90 



1 

' 

> 17704 0 

56i7-:to 

1C, - 4 

16-0 

1 

' 1 20 

’ 17706 6 

t5615 81 

1 1 5 

1 1 6 

10 

56 15 '85 

1 :41 

, i 1 7801 (> 

561100 



I 


i 1 17807 0 

5612 11 ! 


n 0 

1 

1 

; 1 i78i:4':4 

5610 05 


00 2 

1 2 1 


1 ' 17819-8 

5600 12 : 


07 8 ! 

1 

1 


; 17822-8 

5607 00 


05 8 

2 



j 17826-7 

5606 :40 



1 

! 

1-66 

1 17S:41 8 

5605 12 1 


1 

1 1 


1 6.> 

j 178:45-5 

r)(;o:4i4 1 

01 7 

' 01 5 

8 

1 44 


1 17841 8 

5601 77 ] 



1 ' 



1 17816 2 

56()0-:40 1 

9S 9 

•08 6 

“ ' 

1-40 


1 7850 6 

559H-:47 1 

i 97-2 

' 97*2 ! 

i 4 

1-17 


1 17857-0 

5506 IS i 



' In ; 

i 


1786:4-1 

550 4-7:; ' 

9:4 1 

0:4:4 ' 

i ' 

+5594 82 

]-:4:4 


178(18-7 

5502 64 


90 8 ! 

1 



17875':4 

5501 16 



i 1 




17880 1 

5r,oo':4() 


; 88 7 

1 




17882-8 

5588 92 

1 

i 





17887-2 

5586 92 

85-6 

1 85 4 

Hi 1 

f5587 0 4 

i-:42 


1789:4-6 

5585-00 


i 8;i ;4 

2 




17800 8 

m:\ j:4 



In 

1 


17005-8 

55H0-90 



In 

1 


170J2-7 

5579-21 


1 78 0 

111 

1 


17018-1 

15576-22 

74-9 

74-4 

8 

! i-:42 


17028 0 

5574-90 



2 

i 


170:41 9 

557:4-05 

71-7 

71:4 

10 

1 i-:46 


170:48-2 

5571-51 



1 

i 

1-65 

170 1:4 2 

15569-77 

68-6 

68-5 

10 

i 1-27 

1-0,4 

17048-8 

5668 80 



1 

1 

, 1 17051 G 1 
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KEPORT — 1891 


Iron (Arc Spectrum)— 


Kavsor and 
II lingo 
(Rowland) 

Tha 

len 

Fievez 

Intensity 

and 

Character 

Midler and 
Keinpf 

Difference 
Rowland 
— Angsti om 

Reduction to 
Vacuum 

Oscillation | 
Frequency 
in Vacuo 

Angstrom 

A + 

A 

65G7-50 

66*1 

66*0 

1 


1*10 



17956*1 

6565*76 

61*6 

61*2 

6n 

f 5566 *99 

1*16 



17961*7 

6568 73 

62*7 

62*5 

1 


1 03 



17968*2 

6562*78 

61*8 

61*1 

2n 


0*98 



17971*3 

5560 36 

59*3 

59 0 

2n 


1 06 



17979*1 

6558 00 

67 1 

56 7 

2 11 


0*90 



17986*8 

6551 06 

63 9 

51*0 

611 

f 5555*1 7 

1*06 



17996 6 

6553 70 

62 7 

621 

1 


1*00 



18000*7 

5550 00 

49 0 

49*0 

2n 


1-00 



18012*7 

6517*12 


15*7 

2 





18022*1 

5516*60 

15*5 

45*3 

2 


MO 



18023*8 

t5511*07 

42*7 

43*0 

1 


1*37 



18032*0 

6543*21 

42*0 

42*0 

1 

t55 43*11 

1*21 



18034*7 

5512*09 



1 





18038*4 

651M1 


40 0 

III 





18041*5 

6510 93 



1 





18012*2 

5539*91 



1 





18045*5 

5539 10 


37*7 

1 





18047*2 

5538*68 

36*3 

37*2 

2 


2 38 



1 8049*5 

6537 86 



1 





1 8052 2 

5536 63 



1 





18056*2 

5535*52 



1 



1*61 


18059*8 

5534*87 



1 



1*63 


18062 0 

5533 10 

31 5 

31 8 

2 


1*60 



18067*7 

6532 87 



1 





1 8068*5 

5532 13 



! 1 

1 




18070 9 

6531 16 



1 




18074*1 

5530 71 


! 29 7 

1 




18075 6 

5529 26 


' 28* 1 

2 

1 



18080 3 

5525 70 

21 7 

; 21 1 

1 

I 1*00 



1 8091 9 

5521 10 


i 23 0 

In 

1 



18096 2 

6522 6«) 

21*5 

' 21 5 

2 


1 10 



181021 

5521 26 

20 0 

1 20 2 

1 


1 26 


6-3 

: 181 06 5 

5519 6,9 


1 

2 




5*1 

i 

5517 25 


j 

! 




; 18119 6 

5516 80 

15 G 

1 6 5 

1 1 


1 20 


1 181210 

5511 71 



1 I 




* 18127*9 

6512 17 

11*1 

1 11 2 

1 2 


107 


i 18 >35 3 

5510*70 

09 5 

09 2 

In 


1 2/) 


I ISMM 

6508 53 

07 6 

1 07 2 

In 


0*93 


18118*3 

t5506 92 

05*9 

j 05*9 

8 


102 



18153-6 

5506 06 


1 

1 





IK 156*4 

6501*51 


{ 0:5*3 

I 





181(;i-5 

5503-32 

01 9 

; 02*0 

2n 


1 12 



18H;5*4 

15501 *61 

00 5 

j 00 5 

8 

t5501*82 

Ml 



1H17M 

5500*87 


! 

1 





I8i7;5*r) 

6199 60 


i 

In 



1*63 


18177*7 

5497*96 



1 



1*62 


18183*2 

, 6197*73 


1 

1 

t5197*83 




38183-9 

5497*52 

96*6 

1 96*1 

0 


0*92 



18184*6 

5196*92 


1 

1 





18186 6 

5496*75 


i 

1 





18190*5 

6194*62 

93-5 

1 93*7 

2 


1*12 



18194*2 

6193*70 

92 5 

93*0 

4 


1*20 



18197*3 



1 92*5 
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Iron (Arc Spectrum)— 


Kayscr and 
Kunge 
(Rowland) 

ThaMn 

Intensity 

and 

Character 

Muller and 
Kcnipf 

Difference 
Rowland 
— Angstroir 

Vacuum 

Oscillation 
Frequency 
in Vacuo 

Angstrom 

rieve25 

A + 

1_ 

A 

6401-98 

910 

90-8 

2 


0-98 



18203 0 

6400- 10 

89 0 

89-3 

1 


1-10 



18209-2 

6488 01 

86-8 

86-6 

4n 


1-24 



18216 0 

648(;-00 

85 0 

84-0 

1 


1-00 



18222 8 

6488-28 

82 4 

81 8 

4 


0 88 



18281-9 

6481-62 

80 2 

80-2 

4 


1-42 



18287-4 

6481-06 

79-1) 

79-6 

4 


1-16 



1 8289-2 

6478-60 

77-4 

78 0 

2 


1-20 



18247-4 

6176-82 

76-9 

75 8 

8 

t5476-97 

0 92 



1H268-4 

6476-18 


75 3 

4 





18254-7 

6474-08 

78-3 

73-6 

6 


0-78 



18262 5 

6472-88 

72-0 

72-1 

2 


0-88 



18266-5 

6470-70 


69-7 

2 





18278 6 

6470-86 

69 0 

69-1 

1 


1-36 



18271-9 

6469-11 



In 



i 

18278-1 

6467-16 


66 2 

2 



1 

18285-7 

6466-62 

66-6 

65 7 

4 


0 02 

j 

18287-8 

6465-20 



1 




18292-2 

6164-46 

63-2 

63-4 

2 


1*26 

1 62 i 

18294-7 



62 6 






16168-41 

62 3 

62 3 

8n 


Ml 

1 61 ' 

18298 2 

6468-19 



1 


1 


18298-9 

5461-68 



In 


i 


18804-0 

6459-60 



In 


1 


18810 7 

5167-72 



2 




18817-3 

5466-80 

517 

51 7 

10 


1 10 


18828 7 

5464-68 



1 





18828-0 

6462-06 


51 6 

1 





18338-8 

6462-10 



1 





18386-1 

6461-00 



1 





18889-9 

6440-06 



1 





18818 4 

6419-16 



1 





18316-0 

6448-62 


* 47-8 

1 





18318-2 

t6447-06 

46-0 

46*0 

10 

t5447-20 

1-16 



18858-2 

6445-21 

44-2 

11-8 

8n 


1-01 



18850-4 

64-18-88 



1 





18365-7 

6442-42 



1 





18868-8 

6441-66 

40-0 

40 7 

1 


1-56 



18871-7 

5440-41 



1 





18875-6 

5489-48 


88 0 

2 





18878-7 

6438-61 



1 





18382*0 

6487-50 


36 0 

1 





18885-4 

6486*7 1 

36-4 

86-5 

2 


1-34 



18888*0 

16484-66 

33-0 

88-0 

8 

t5131 81 

1-66 



18396*0 

6438-15 



2n 





18400*1 

6481-82 



1 





18404-6 

6429-71 

28-8 

28-0 

10 


0-J>l 



18411-7 

6429-10 



1 



1-61 


18413-9 

6428-03 



1 



1-60 


1 18417-6 

6427-13 



1 





18420-5 

6426-14 



1 





18428-9 

t6 42 1-20 

230 

23-4 

lOn 


0-60 



18480-5 

6422-16 



1 





18487-4 

6420-62 


19-2 

1 





18148-0 

6418-06 



1 1 



6-4 

18449-3 
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KEPORT — 1891 


Iron (Arc Spectrum) 
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5305-02 ' 

03 9 

03 0 

(5n 

53(55 19 

1-32 

1 

18033 8 

53(12 90 i 

01 9 

(51 8 

2 

53(01 2 1 

1 00 

1 

1804M 

5301 8() i 

00 8 ! 

00 0 

i 1 

53G2 0(5 

1 00 

1 

18015 0 

5359 97 , 


1 

1 



1 59 i 

5 5 

18(55 1-3 

5358 K; 

57 3 

57 

! 

5358 (55 

0 80 

1-58 1 

5 0 

18057 5 

5350-28 1 

j 

55 0 

I 



( 

I8(;<;ii 

t5:i53-53 1 

o2 5 

52 5 

(5 

5353 71 

1-03 


18(573-7 

5349 83 1 

48-8 ! 

48 7 

hi 

6319 91 

1-03 

! 1 

18()8(;-G 

5348 58 ' 

! 


I 




18090-9 

1 53 17 02 

, 


1 



i 

18(594-3 

' 5340 62 



1 



1 

18097-8 

1 5’*45 75 j 

i 


1 




18700-8 

5314-04 i 



1 



1 

18704 7 

5343-02 i 

4-2-7 i 

12-4 

4a 

6313-82 

0-92 


18708-3 

6341-49 j 



1 j 



i 

18715-8 

5341-16 

40-3 

40-0 

8 ’ 

15341 30 

0-86 

i 

18717-0 

6340-10 

39-2 • 

38-9 

H 

6340-34 

0-90 


18720G 

6337-37 ! 

1 


In 1 



! 

18730-2 



01^ TlfAYE-LENGTH TABLES OF THE SPECTRA OP THE ELEMENTS. 175 


JBON (Arc continued. 


Kayser and 
Runge 
(Rowland) 
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Muller and 
Kempf 
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B^owland 
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Kavser and 
K lingo 
(Kowlaud) 
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Iron (Arc Spectrum) — continued. 
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Iron (Arc Spectrum) — continued. 
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lEON (Abo JSpectrum) — continued. 
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5081 11 

0 17 

i-.-i ! 

10G77 8 1 

j 5(;70 85 

70 1 


G 

! 50M>41 

0 15 

l all ! 

J0G70S 1 

5070 50 j 

78 S 


Gn 

* 5070 77 

0 56 1 j 

l0(>8l-7 1 

1 5070 00 



1 

1 ! 

i ! 

1 1 

lOGS.i-l 

5o70 15 , 

75 7 

M 

t507G G2 ^ 

0 75 . j 

I 10(>05 1 

5071 80 ; 

71-0 

4 

( 5<>i5 05 

0 80 ' 1 

10(i00 1 

5072 82 j 

72 0 


1 

5072 01 1 

0-82 j ! 

1 10707*1 

5072 (H i 

71-5 


1 

1 5072 51 

0 71 ! I 

10710 1 

t5008 88 1 

<;s-2 


8 

j 5OG0 lO 

0 G.S ! 

10722-1 

5007 22 1 

05 0 [ 

1 

1 50G7 50 

()G2 ' 

10728 0 

5005*00 1 

G15 

(In 

' f50(;5-2l ' 

0 50 j 

5 8 

10757 2 

5000- 1 1 

50 2 ' 

1 

i 5000 11 ! 

OOl ' 

5 0 

1075G-5 


57-5 ; 


j 






50'5 


5057 11 


1 



55*S 1 


505G 80 






55-5 [ 


505G-1 1 





5051 71 i 

55-0 

1 

5051 7G ! 

0 81 



10777-6 

5055 05 I 

52 8 , 

1 

5055 77 1 

0-85 



10781-8 


5*^ 


5055 07 ! 





5051-72 

51-0 

G 

f5051-H5 i 

0G2 



10780 5 

5050-08 ; 


1 




10702-2 

5050-58 1 


I 

1 f5050-05 ! 




10705 8 j 

15040-01 1 

10-1 

1 


0-51 



1070G-5 

504«'57 : 

18-1 

2 

i 5018 76 . 

0 17 t 


10801-7 ' 
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Iron (Arc continued. 


KnVvser and 
K nn^'e 
(R(»wliiiul) 

Thai 

Vogel 

ell 

l’’ievez 

Intensity 

and 

Character 

M idler and 
Kenipf 

Difference 
Ko^^laud j 
— Angstrom | 

Reduction to | 
Vacuum 1 

! 1- 1 

Oscillation 
Fic(juency 
in Vacuo 

rAHl 85 



j— 


1 

1 

1 no 

1 

1 0804 5 

50U 88 

43-5 


2 

6044-50 

0-78 

1-40 ; 

1 

10818 1 

non .85 

41-0 


8 

■f.non 05 

0 85 


10828-1 

non 17 

40-3 


4 

tnoil 24 

0-87 

1 

10830-8 

no:}') :)8 

38-5) 


2 

5030 51 

0 88 


10837 8 

no:}r>-90 

:}5-2 


1 

.5037-25 

0 70 


10847 G 

no.)(; 10 

35-7 


1 

5o:}5-7r> 

0 70 

1 

108 to 5 

noin D.") 

31-:} 


\ 

no:}2 .}0 

0 55 

1 

10857-1 

no;}o ‘JO 

30 4 


1 

5031 45 I 0.5‘J 1 

1 

10870 0 


:}o-3 







no2‘) ?;} 

20-1 


1 

5o:}0 i() 

0 82 


10875-0 

5028 25 

27 4 


4 

5028 45 

0 85 

1 

10881 7 

5027-28 

25-4 


4n 

•|•.5U2T 51 

0 80 

‘ 

10885 5 

5025 00 

24 8 


1 

.5025 77 

0 80 

1 


10802 2 


24 0 



502 4 07 


1 



502:} n:} 

22-7 


1 


0 83 

1 


lOOOO 4 

no22':{5 

21 -.5 


4 

5022- 45 

os.-, , 


10005 1 

5021 -Cl 

20-8 


1 

5021-84 

osi ! 


1 0008 0 

5020 00 

20 0 


1 

5021-0:5 

0 00 


10010 8 

5010 SO 

10 4 


1 

5020 30 

0 80 

! 

10014 0 

5010-1 1 



1 




10017 0 

5( ) 1 8 5;} 

17-7 

1 

fnO 18-55 

0 83 

i 

10020 .} 

5017-81 


1 1 



1 

10023 1 

5017 02 

1 5 :’> 

1 1 

t501 7 22 

0 72 

1 

10025 2 

non;- lo 


i I 




10028 7 

5015 40 

1 

1 



i 

100.32 7 

5015-00 

'ill 1 

i 

6015 25 

0 5.0 

i 

lo'.t;}:} 0 

501 1 12 


1 1 




100:}5 5 

501 4 10 

1 i 

i 1 



! 

ioo:}7 0 

50i:}- 18 


; 4 



j 

100 40 3 

5012-80 

1 

1 1 




10042 8 

5012 50 

i 11-7 


1 

5012-72 

0 80 

1 

10044 2 

5012 15 

11.} ; 

5 

5012 10 

0 85 



10015 5 

501 1-42 



1 



1-40 


li>040 4 

5007 no 

05-5 


2n 

■f5007 58 

0-00 

1 48 


1005 4-1 

f 5000-2 1 

0 55 


8 

■f.5005 28 

0 75 



1 0050 2 

fnoon 8 4 

05 0 


5 

5005 8 4 

0 84 



10070 8 

5001-02 

04 0 


1 


0 02 



10074 4 

5004-1 4 

o:}-2 


1 

5004-34 

0-04 



10077 5 

5002 05 

02 2 


»> 

5003-12 

0-75 



10O82 3 

5002-02 

01 1 


8 

5002 15 

0 02 



10085 0 

4000-2:} 

OS-:} 


1 

4000-38 

0 o:} 



10007 2 

4007-00 

05 5 


1 


0 40 



20005 1 

1005 81 

01 8 


1 

4005 80 

1 01 



20010 0 

400 i-o:} 


i 

1 





2(X)15-6 

t40!M-25 

03-5 

1 

4 

4004 58 

0-55 



20017-1 

4001-1:} 

00-5 ; 

2n 

1 1001 -4 1 

0 03 



20028 4 

4000-51) 

80 0 


1 

4000 0 4 

0 55 



2oo:}i 0 

4 080- 10 

88 3 


2n 

4080-20 

0-80 



200:}7-8 

1085-:}7 

8.5-0 


1 

4085-00 

0-47 



20048-8 

4085 58 

85-:t 


4 

1085 35 

o-:}8 



20051-5 

4085-55 

84-7 


4 

14085-74 

0 55 



20052 0 

408:V07 

84-4 


4 

4085-43 

0-57 



20058-4 

408:}-4l 

83-0 


2 

4084-15 

0-11 



20050 7 

408.3 00 

1 82-4 


1 

1083-15 

! 0-50 



20062-3 
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BEPOBT — 1891 


Iron (Arc Spectrum)— 


1 

1 

, Knvser anti 
j Kunjro 

1 (Rowland) 

Thalen 

Intensity 

i Muller and 

g, S 
S -s :0 
a a JS 
0 « cc 

•-I 'T' s r 

.S 1 5 

a«”-f 

Reduction to 
Vacuum 

Vogel 

Fievez 

Chretor! 

1 

\ + 

1 

a” 

i 4982-07 

81 8 


6 

4982 81 

0-87 



i 4981-79 

79-7 


1 


2-09 



1 4979-66 

78-8 


1 

4979-69 

0-80 



’ t4978 71 

78 1 


4 

4979 09 

' 0-61 



4977-79 

. 77-0 


1 

4978 72 

0 79 

1-48 


4976 09 


i 

1 

1 


1 17 


1975-60 

■ 74-7 


1 

, 4975 81 

0-97 ; 


4974-10 



1 




1 1979 29 

72-4 

i 

1 

14979 10 

i 0 89 ! 


1072-90 


1 


1 

5-9 

1970 58 

69 5 

( 1 

I 

1-03 , 

6-0 

4970 07 

r>9-2 

1 1 

' 4970 00 

0 87 



4968-79 

67*7 

1 

496s' (;9 

109 



4967 97 

67-1 

1 

196S 05 

0 87 



lOliO, 90 


1 


1 


1906- 2:1 

65-9 ' 

0 

1 1900 96 

0 99 1 


4901-65 

69 4 1 

1 

496. 1 50 

1-25 


1902-69 

62 0 ' 

1 

496.9 02 

0 6.9 1 


4962-09 

61 9 

1 

496)2-97 

0 73 ' 


4961-15 

60-9 

1 

4961-40 

0 85 



4059-61 


1 





4957-80 

50 8 

8 

; 4957 90 

1-00 



4957 49 

50*6 


0 

4957 59 

0 83 



4950 1 1 


) 1 





1955 79 



1 





495490 , 



1 





4954 00 

59 7 


1 

1954 89 

0 90 



4952-6 1 

51 8 


1 

, 4952 81 

0-81 



4950 25 

19 4 


2 

' t4950 49 

0 84 



4948 98 



h\ 





4946-54 

45-7 


4 

4910 71 

0 81 



4945-80 1 

44-9 


1 

' 4945 99 

0 90 



4949 80 ! 

49-7 


1 

4911-70 

0-10 



4942 51 i 

41-7 


1 

4912-75 

0-81 

1*47 


4941-92 1 



1 



1-46 


4999-78 j 

^18-8 


4 

j 4999 80 

0-98 



1 

98-3 



1 4999 49 1 




4998-09 ' 

97 8 


6 

4998 99 ' 

1-13 

j 

4998-30 I 

97-9 , 

2 

. 493H91 : 

1-00 

1 

4937-41 1 

36-3 

1 

1 4997 91 i 

J14 ; 

4994 08 , 



1 

i ; 

i 

4993 11 

32-0 


i 

! 499:i 07 ' 

0-81 ' 


31-3 



4992-40 . 



4930-43 

29-7 


1 

499076 

J)-79 ' 


4927 99 i 

27-3 


1 

4928-40 

0-63 



4927-46 ' 

20-7 


1 

4927 99 

0 76 




21-0 







14924-89 1 

24 1 


2 

4925-19 

079 



4924-00 j 

23-2 


J 

t4924-25 

1 80 



4923-20 1 



1 





j 4921-11 



1 





1 t4920*63 

19-5 


10 

14920-79 

1-13 



. t4919-n 

18-1 


8 

j4919'20 

l-Ol 



: 4918-15 

17-0 


1 

4918-27 

1*16 



* 4917-41 

16-4 1 i 

1 

491769 

1-01 




Oscillation 
Fivnuency 
in Vacuo 


2()0G:1 7 
20()(;7*4 
21K)75-8 
20()7n() 
2008a*H 
2001»0-4 
20092 2 
20(^970 
20101 T> 
20ior)-:i 
20112-4 
20114-4 
20ll9-(> 
20122-9 
20127 0 
20i:{00 
201 aii 1 
201 n (> 

20H7 0 
201506 
20150 9 
20104-2 
20105 7 

20171 I 

20172 7 
20170 0 
20177 9 
20185 2 
20H>5-0 
20202 0 
20210 1 
20219-2 
20221 1 
20220-0 
20291-5 
20297 8 

20211-9 
20219 9 
20217-4 
20201 2 
20209-8 

20270 2 
202 HO 7 
20288-4 

20299-0 

20302-7 

20905-7 

20;il4-6 

20916-6 

20322-9 

20326-8 

20329-9 
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Iron (Arc ^VEiCTTiviA')— continued. 







Reduction to 


Knrsor and 

Thal(in 

Intensity 

an<i 

Miiller and 

2 fl IH 

§ SS 1c 

Vacuum 

Osi'illation 

Uunfic 




trcqueiicy 



Kempt' 


X 

(Kowlaml) 

VogC'l 

Fievez 

Character 

® 1 

\ + 

in Vacuo 

4J)1:V7C 



1 





20345 0 

lyil'U.T 

11-2 


1 

4912 38 

0-73 



20352 6 

4‘J10‘(>() 

30 0 


2 

4911-15 

0 60 



20358-1 

4010 15 

09-5 


4 

4910 58 

0 65 



203ti0-0 

4000 5:i 

08-7 


2 

4909 81 

0 83 



20302-5 

4007-8() 

06-8 


1 

4907-97 

1-06 

1-4G 


20809-5 

4000 OS 



1 



1-45 


20374-4 

1005 30 

01-3 


1 

4905-33 

1-00 



20380-1 

1 1003-41 

02- 4 


1 

11903-03 

1-01 



20388 0 

00-1 


1 

4901-3.0 






97-8 



4898 98 






90-8 



4897 91 





4800*50 

95-9 


1 

4897 01 . 

0 00 


00 ; 

20110 5 

4803*02 

92 2 


1 ! 

4893-12 ' 

1 02 


ti 1 

20131 2 

4801 02 

1K>8 


10 

tlS9l 78 

0 82 


‘20437 0 

4800-80 

90-2 


8 

-^4891-10 

0 69 



20140-1 

4880-05 



1 



1 

20444-0 

4880 11 

88-4 


2 

4889 32 

0-74 



20447 4 

4888-71 

87 i) 


1 

4888 87 

0 81 



20449*2 

4887*30 

86 3 


1 

4887-30 

1 09 



20454-7 

4880-13 

85 0 


1 

4880 59 

0-83 



20458 7 

4885-55 

84 0 


2 

4885 03 

0 95 



20462-4 

1882-27 

81-4 


1 

4882 47 

0 87 



20476 2 

4881-80 

80-8 


1 

4881 95 

1 00 



20478-1 

4878-33 

77-4 


6 

4878 49 

0 93 



20492-7 

4870*00 

75-3 


1 

4870-07 

0 70 



20502-5 


74 3 



4875-68 






73 7 



4875 15 






73 0 



4874-21 


1-45 



4872 25 

71 3 


8 

4872 45 

0-95 

1-14 


20518 3 

1871-13 

70 0 


8 

tl871 60 

0 83 



20521-7 

4870-1 4 



1 




20527-2 

4800 71 I 

08-7 


1 

4869-87 

1 01 



20529 0 


07-6 



4868 70 






000 








4 803‘7S 

02 8 


1 


0-98 



2055 1-0 


01-7 







20561-3 

4802-07 

01-2 


1 

4862 17 

0-87 



4800-02 

00*3 


In 


0-72 



20506' 1 

f lHoO 80 
4850 20 

58 8 


8 

1 

4860-01 

1-06 



20570 6 
20573-4 

4857-40 

50 0 


1 

4857 64 

0-80 



20581 0 

4855-80 

54-7 


1 

-{-4855 89 

1-10 



20587-8 

4855-00 

C4-1 


1 

4855-11 

0 90 



20591-2 

4852-00 

51-2 


1 

4852 39 

0 89 



20003 6 

4810 02 

48-8 


1 

14819 05 

0 22 



20610 6 

4818 57 

48-1 


1 

4818-77 

0-47 



20018-5 

4815-70 

44-7 


1 

4845 67 

1 00 



20t)30 5 

1811-13 

43-3 


1 

! 1814-35 

0 83 



20637-4 

4813-31 

42-3 


2 

j -1843 48 

1 01 



20610-9 

4811-02 

41-1 


1 

! 4812-12 

0-82 



20646 9 

4840-42 

39-4 


1 

; 4840-02 

1-02 



20653-3 

4830-00 

38-8 


2 

1 4839 94 

0 80. 



20656 5 

4838-00 

37-7 


1 

1 1 1838-90 

f 0 90 



1 20660-8 

4830 04 

1 35-0 1 

1 

1 4836-31 

1 1-01 

! 1-13 


1 20672-0 
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RErORT — 1891. 
Iron (Arc Spectrum)— 


Kn'\ sor nncl 

Utlijo 

(Rowland) 


4h31 (54 
4S:52-8 1 
4827 7)7 
482') 41 
4824 27 
1 48 2.4 (ui 
4817 !)() 
481.7 42 
4814 .54 
4811 22 
4810 04 
4801 > 

4800 4(5 
4808 87 
4808 2.7 
4 S 07 \S() 
480 4-71 
480.5 00 

4801 20 
4S()(j 7(5 
4700 08 
4700 .70 
4708 IK) 

4 708 48 

4704 * 1.7 
4702 (52 
4 701 -.44 
4700 .7 4 
4780 74 
47>8 8(5 
4787 08 
478(5 01 
47^(5 04 
47s,}-.-i(; 

1 1 . 0 .7.7 

4770 17 
4 772 0.7 

4771 81 
47(58 1(5 
47 ( 57 -I 4 
4 i ( 5 (> . 7 (| 


Thaleu 


Vo;i;el 

Fievez ; 

.44 8 

4 1 -8 

2(5 7 

21 (5 

! 

24 4 

17 2 

1 .7 4 

! 

1 .. <> 

10 .4 

00 .4 

•' i 

OS (5 

OS 0 
07*7 

07 1 

0.5 S 
02*1 

1 

00 8 

00 2 1 

08 (5 I 

1 

i 

! 

0.5 .7 

02 I 

1»0 4 


88 8 

! 

1 

i 


87 0 ! 

8 4 0 ‘ 

70 8 * 

7 .^ 7 
77 4 ' 

718 
70 7 i 

07 .5 ! 


( 5 . 7*8 


47 ( 5.7 08 

' (*.7 .5 ' 


(5 4 4 1 

47(52 is 

' j 

47(51 ( 1(5 

. 7 '^ 8 ! 

4777*70 

7(5 7 1 

47 . 7(5 ‘J() 

. 7 . 7 -.{ 1 

f 4 7.74 1(5 

74 7 ’ 1 

47 ( 72-70 

71 (5 ; 1 


70 2 1 ! 

4770 - 1.4 

40 2 i 1 

4740 77 


1747*40 < 

47 2 ' j 

474 . 7*02 

ir.o i 1 


Intensitv 
and “ I 
Ohar.'ictori 


Muller and 
Keinpf 


1 ! 484 4 0(5 

; 4844 47 

1 I 

1 i 

1 i 

I ! 

1 tlNl8 24 

I 1814 r.8 


« — S Reduction (o 
I S g £ Vacuum 

(S ^ I 

fc o !=: 1 

5=^1 A- 


0 84 

1 04 
0*87 
0*84 


0 3.4 I (5 1 

0*70 (5 2 

M2 
4 04 


1 

1 

1 

I 

1 

I 

1 

1 

4 

1 

»> 

T 

1 

1 

1 

1 

1 

1 


(5 

2 

In 

4 

I 

4 

1 
1 

2 
J 

1 

1 

1 
1 

2 
1 
4 
J 

J 

1 
J 

2 


4811(57 '()02 
t48J0 81 0 70 


1 

I 0 76 



i 0 87 



1 0 75 


1 

i 0 7(5 

1 

: 1801 SO 

. 0 01 


j 4804 12 

j -oo 

1 44 


1 

1 42 


; 0 0(5 1 


! 0 78 


! oi>o , 1 

' tl708 77 

0.78 


1 4708 78 



. 4704 7.5 

0 (5.7 


1 470.5 21 

0 .72 


; 4701 51 

4-04 


! 4700 02 

0 0 4 

i 

1 

: }7S0 1() 

I 1 0(5 

' 

; 47^8 18 J 

MS ' 


' i-oi t 

178(5 17 j 

M 1 

[ 

tl7N4 74 j 

.4* 7 (5 

! 

4 770 so 

1 0.7 

1 1 


0 87 

! 

1 4774 21 

M.7 

j 

4771 07 

1 11 


47(58 70 

1 1(5 


1767 18 

0 76 

1-42 j 

1766 71 

0 68 

141 

476.7 82 


I 

tl762 84 



4760 21 

0-8(5 


1757*01 1 

1-00 


47.76*15 1 

0*00 


t4 7.7 4 40 1 

0 16 

1 

4752 77 1 

0 00 


4751-47 ' 



47.70-20 ' 

0*0,4 



t4 7 18-40 0*20 
474(5*4(5 0 02 


Oscillation 
Frequency 
in Vacuo 


20(>78*0 
20()85*7 
20708*2 
20717-4 
20722*4 
2072,7*2 
20710*7 
207(i0*4 
207(50 4 
20778-.7 
20784 (> 
2078.7 4 
2078(5 (5 
20788*7 
20701 4 
20704 I 
2080(1*7 
2081 1 I 
20821 7 
20824*8 
2(1827 2 
20820*4 
20841 0 
2084 4-2 

208.72 (5 ' 

208.70 2 I 
208(54 S ! 
208(58 4 
20871 8 I 
2{)S7.7(5 ; 
20.S70-1 I 
2088 1-1 
2088 7 0 j 
20808-7 j 
2001(5.5 i 
20041 I I 
200 4.7 2 I 

200.70 2 i 
200(51 0 I 
20070 8 j 
20074 4 
2007.7*8 

20001 4 
2000 4*0 
21(H2 4 
21010 0 
21028 0 
21047 4 

210(7*8 
21047 4 
21077 r) 
210G4 4 
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Ieon (Arc Spectrum)— 






s 

Reduction to 


Kavsor and 

Thaleti 

Intc-nsit\ 

Muller and 

C 

-T3 .0 

C - 

"to 

Vaeuuiii 

Oscillation 

Kunj;e 



and 

Kempt 

1 

a 1 


Frefjucncy 

(liovvlaud) 

Vogel 

]''icvc/i 

Chara<-toi 


“'■'1 1 


in Vacuo 


48-0 



4714-75 


! ! 


i7\\'Vu> 

10-7 


2 

4711-84 

0-05 

i 1 

21083-4 

\1\ \ 27 

30 0 


1 

4740 00 

1-07 

‘ 1 

1 

21085-1 

4740 18 



L 



1 

21088 8 

1780 20 



j 




21004-0 

1787 75 

87- 1 


i 

4738-05 

0-05 

1 

21100 8 

478(;-Ol 

80 2 


10 

t4737-15 

0-71 

j 

21104-5 

1785-l)t5 

85-2 


1 

4780 10 

0-70 


21108 7 

4781-25 

88 8 


1 

4781 88 
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1 

21110-4 
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4 
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1 1 

21118 8 
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1 
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21133-5 

1720 81 
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1 

4780 02 

1 0 04 

1 

21130-1 

1720-18 
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1 

4720 4 1 

i 0-88 

! 

21130 2 

4728 (17 
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4 

4728 00 

' 0-77 


21141-3 

^[1727 50 



1 

tl727 72 



21110 3 

4720 /.8 

25-1 


1 

4720 45 

. 0 08 1 

21151 5 

.1 T‘>‘> ‘>7 



J 


, 1 1 ' 

211700 

4721-11 
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1 


0 81 

1 

21175-2 

4714 81 

18-7 


1 

flTll 75 

0 01 

1 

21205 7 

4712-21 

11-1 


1 

4712 10 

0 81 


21215-2 

1 1711-50 

10-7 


1 

47 1 J 88 

0 SO 


21218-1 

1710 87 

00 5 


1 

1710 02 

■ 0 87 

1 

21223-1 
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1 




21225 0 
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OS 8 


1 

4700 11 

0 88 

, I 2122 s 8 

1707' 15 

O(.-0 


.s 
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0 85 

1 1 21230 0 
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01 7 


1 

4705 88 

0 83 
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2 
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In 
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j 4005 41 

0 07 

1-30 . 
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, 21337 2 
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82-7 

i 2 

4088 70 , 

0-08 


; 213111 

40.82 71 


1 ' 1 




21318 7 

10S2 is 

' 818 

1 ' 1 

1082 10 

0 88 


21351 3 

4081 58 

80 0 

j : 1 

4(,8l 00 

0 08 


21354-0 
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. TO 7 

1 1 

4080 (,8 

' 0 70 

1 

21350-0 

1 10.78 07 

77 0 

! ' 

tl070 23 

1 07 


21305-0 

1075 28 


^ 1 



1 0-3 

21383-0 

1071 78 


1 ' > 



i 0-4 

21385-0 

1074 87 

j 

i 1 


. 1 

21380-8 

4078 20 
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i ^ 

tir.73 37 
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1 21301-8 

400.0 80 
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1 21110-1 
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0 
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0 

1 tl<‘lH-81 

1 00 
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In 
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i 


1 
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2 
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Ibon (Abo Spectrum) — continued. 


Kayser and 
liun^^e 
(Rowland) 

Thal^n 

Intensity 

and 

Character 

Muller and 
Keiiipf 

Difference 
Rowland 
— Angstrom 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Yogel 

Fievez 

A + 

1 

A” 

4G(>1 61 

60-7 


1 

4661-71 

0-91 

1-39 


21445-4 

4658-77 



1 



1-38 


21458-5 

4668-42 

57-5 


1 

4658-62 

0-92 



21460 1 

4657-71 

56-7 


1 

4657 82 

1-01 



21463-4 

4664-70 

53-7 


10 

14654-89 

1-00 



21477-3 

4662 21 



1 





21488-8 

4651-27 

50-4 


4 

4661-55 

0-87 



21193-1 

4649-95 

19-2 


1 

4650 37 

0 75 



21499-2 

4647-64 

46*7 


8 

4647 70 

0-84 



21510 1 

4646 34 



In 

t464C-52 




21515 9 

4644-94 



In 





21522-4 

t4643-6H 

42-7 


4 

4643 76 

0-S8 



21528 7 

4641-12 

40-0 


In 

4641-21 

1-12 



21510-1 

4640-45 



1 





21543-2 

4638-13 

37'3 


6 

4638-32 

0-83 



21554 0 

4687-Gti 

36-7 


6 

4637-83 

0-96 



21556 2 

4635 95 

35-0 


2 

4636-19 

0 95 



21564 1 

4631-92 

:i3'9 


In 

4635 04 

1-02 



21568 9 

4633 87 

33 0 


1 

4634 06 

0 87 



21573 8 

4633-02 

32-1 


4 

t4633-24 

0 92 



21577-8 

4631-61 



1 





21584-4 

4630 91 1 



1 





21587-6 

4630-22 

29 3 


4 

4630 45 

0-92 



21590 8 

4629-44 



1 





2 1 59 1 5 

4627-65 

26 6 


1 

4627-79 

105 



21602 8 

462(> 65 



1 



1-38 


21607-5 

4625 19 

24-3 


6 

1^825 36 

0 89 

1 37 


2161 4-3 

4619-40 > 

18-6 


6 

4619 66 

0 80 



21611-4 

4618-S8 i 

18 1 


2 

4619-14 

0 78 



21613 9 

4615 73 

14 S 


1 

■ 4615 92 

0 93 



21658 6 

4614 29 , 

1 ;i 3 


1 

4614-53 

0-99 



21665 4 

4613-35 . 

12-5 


4 

1 1613 59 

0 85 



21669 8 

14611 38 i 

10 5 


8 

4611 60 

0 88 


6-1 

21679 1 

4607-79 ; 

07 0 


6 

ti607 88 

1-09 


6-5 

21695 9 

4606-34 1 



1 





21702 7 

4605-52 1 



In 





21706 6 

4601-84 ! 



1 n 





21709 8 

4604-01 ; 

03 7 


4601 90 

0-n 



21713 7 

4603-03 

02 3 

i « 1 

4603 30 1 

0 73 



217183 

t4602-ll 

01-3 

4 1 

4602 35 1 

0-81 

1 


21732 7 

4601 08 

00-2 

‘ 1 i 

4601 35 ! 

0 88 



21727-5 

4600-09 


I in 1 

1 




21732 2 

4598-26 

•»: 4 

; 6 1 

4598 48 , 

0 86 



21710 9 

4597-50 



1 

i 




21711-4 ! 

4596-64 



1 




21748 5 

4596 13 

953 


2n 

4596-38 i 

0-83 


1 21750 9 

4595-18 

94 7 


4 

4595-71 . 

0-78 


1 21754 0 

4594-25 



1 

i 




21759-8 

4593-64 



1 

! 




21762 7 

4592 75 

91 9 


8 

t4592 88 1 

0 85 



21766 9 

4591-52 

90-1 


In 

4591-10 : 

1-42 

1-37 


21772 8 

4587-23 

86 1 


4 

4597-45 i 

0 83 

1-36 


21793 1 

4586-46 ‘ 



1 





21796 8 

4584-89 i 

81 2 


2 

4595-11 

0-69 



21801 3 

4683-93 j 

83 3 \ 

1 ^ i 

4694-17 ) 

0-6:1 



21808 8 
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Iron (Abo Spectrum) — continued. 


Kayser and 
flunge 
(Rowland) 

Thal(?u 

Intensity 

and 

Character 

Muller and 
ICeinpl 

Difference 
Rowland 
— Angstrom 

Reduction to 
Vacuum 

Oscillation 
Frequenc}' 
ill Vacuo 

Vogel 

Fievea 

A + 

A 

458:V04 



1 





21812*1 

4582*r)l 



1 





21815 6 

4581'fi(! 

80*8 


4 

14581*72 

0*86 



21819*6 

4580-67 

79*8 


2 


0*87 



21824 4 

4580 04 

79*4 


1 

4580 38 

0*64 



21827*4 

45711-92 



1 





21827*9 

4579-:U) 



1 





21830*9 

4575-87 



1 





21847*3 

4571*84 

74 2 


4 

4575 07 

0 64 



21852*2 

4574*24 



1 





21854 6 

4572*05 

72*2 


1 

4572*16 

0*85 



21860 7 

4571 62 

71*1 


1 

4572 00 

0*52 



21867 6 

4568*92 

68*2 


4 

4569 10 

0*72 



21880 5 

•:56710 

66*2 


1 

4567*20 

0*80 



21889 2 

4bH6 62 

65*8 


2 

4566 82 

0*82 



21891*5 

46U81 

65 0 


2 

4565 87 

0*81 



21895*4 

4565 U 



1 





21897 2 

4564 87 

64*2 


2 

4565 04 

0*67 



21899*9 

4561 84 



1 





21914 5 

4561*09 

60*7 


1 

4561 71 

0-39 



21918 1 

4660 26 

59*4 


2 

4560 28 

0*86 



21922*1 

4558*18 

67 


1 

1558 36 

0*88 



21932*1 

4557*46 



In 





21935 5 

4557*04 



1 





21937*6 

4556*22 

55 4 


8 

4556*23 

0*82 

1*26 


21941*6 

4554 62 



1 



i-35 


21949-3 

4554 16 



1 

14554*25 




21951*4 

4552 60 

61*8 


4 

4552 81 

0*86 



21958 7 

4551 76 



In 





21963-0 

4551*10 

50 1 


In 

1551*07 

1*00 



21966 2 

4519 57 

48-9 


4 

■fi519 86 

0 67 



21973 2 

4518*88 



1 





21976 9 

4547*95 

47*:4 


8 

4548 16 

0*65 



21981*4 

4547* 1 1 

16*2 


4 

4517*28 

0*84 



21985 3 

4546*61 



1 





21987 9 

4546 12 ! 

1 44*0 


1 

4541 96 

2 12 1 


21990 2 

4542 84 ! 



In 


i 

22006 2 

4542 52 

41*8 


2 

4512*80 

OTi 1 1 

22007*7 

4512 07 



1 


i ' 

22009 9 

45 41*12 



1 


1 i 


2201 3 0 

4510*77 



1 




6*5 

22016*2 

4529*87 



1 


i 


6 6 

22020*5 

4528*96 

28*0 


2 

4529 07 

0 96 



22024 9 

4527*7 4 



1 





22030 8 

4526 58 



1 





22(636 4 

4526*10 



1 




2203H 8 

4525*65 



1 


1 


22011*0 

4524*94 



In 




22013*4 

4524*12 



1 





22018 3 

4522*25 

22 5 


2 

4522-47 

0v86 


1 

22052 1 

4522*17 



1 


i 


1 

22056 4 

4521*75 

20*8 


4 

1521*92 

1 0*95 



1 22059 9 

4521*25 

301 


8 

4521*40 

1 0*86 

! i 

1 220(>2 4 

4520*51 



1 


i 1 

! 220(>(i 0 

4529*75 

: 28 8 


4 

4529*86 

1 0*95 , i 

1 220()9 7 
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BEFOBT — 1891. 


Iron (Arc Spectrum) — contimted. 



Tlialen 


! 

nil 

Kayser and , 



lutcnHity 

M idler and 


Uuiige 
(Rowland) | 

i 

Vug('l 

Fievez 

and 

(’liaractcr 

Kempt’ 

^ lo 5 1 

^ 1 i 

4528 78 1 

28 0 


10 

1 4520 02 

' 

0 78 1 

4527-00 ' 



1 

i 

4527-:5() 



1 



152(5 (56 

25 7 


4 

4526*75 

0 06 

4525 00 



1 


' 

1525 27 

24 1 


6 

4525 42 

0 87 

4524 01 



2 



452.1 17 

22-6 . 


1 

, 

0 87 ' 

4.522 72 

22 0 


1 

f 152:5 60 

0 72 

4.520:55 

10 5 


1 

tl520 16 ; 

0 85 

4518-62 

17(5 j 


1 

4518 ()7 

1 02 

1517 61 

1(5 8 


1 

4517 .''a 

0 84 

1515 .56 

117 


1 

4515 6.5 

0 (56 

4514 20 

1:54 


2 


0 8'.) 

t.-)09 05 

( )s 0 


1 

4500 08 

1-05 1 

4.700 41 



1 

! 

1 

4508 10 

07 6 


1 

t45CS 18 

0 80 ; 


0() .5 





1.501-0.5 

01 2 


1 

r)05 07 

0 7:5 

4502 76 

OL-S 


1 

4.702 8t; 

0 0(5 

4502 .51 



1 



1400 oa 

OS 1 


1 

1 too a5 

0 (5:5 

1 107 86 
4106 20 
4405 51 

06 2 


1 

2 

T 

4107 1.5 

0 (5(5 

fllOl (57 

oa 8 


s 

14101 71 

0 87 

4 40a 05 



j 1 



' 110.5 12 

1102 84 
4101 . 5:5 

020 j 


i 1 

i } 

’ 4 402 00 * 

0 81 ‘ 

, 4400 88 

00 2 i 


' •> 

, 4401 02 • 

0 6.8 

4100 l‘( 

80 :5 i 


i 1 

j 4400 a5 

(» ,80 

1180-81 

88 8 


1 1 


1 01 

4 180 0.8 

8s .a 


i 1 

4180 :}7 

0 78 

4488 26 

,s 7 


1 2 

1 ISN 17 

0 7<5 

' 1185 77 

81 8 


1 

ft 0^5 OS 

0 07 

1 184 :}(; 

418a: 52 

. 8 : 5-5 


6 

1 

IIS 147 

0 86 

' 1182 86 

82 (» 


1 

■ 14.82 00 

0 8(5 , 

1182 an 

81 (5 ; 


. 8 

4 1.82 57 ' 

0 75 

1 181 72 
1181 o.a 

si 0 1 


J 

1 

4481 77 1 

0 72 

1 ISO 26 

70 1 ; 


2 

4180:50 

0 86 

1170 7:5 
1178 IS 

4 177 71 
, 4477 .57 

78 8 , 

1 

1 

1 

1 

H70 81 ' 

1 

0 oa 

j i 

447(5 08 


1 

1 1 


1 1 

117(5 20 

75 4 


i 10 

14170 20 ; 

0 80 

; 4475 11 



I 1 



; 147187 



1 1 



44711 a , 

4172 81 



j 1 

2 

; f447a iO 


4471 01 1 
4471 ai 


1 

i I 

i 1 

1 

i 



Reduction to 
>’in’uiiiu 


\ + 



1 

134 


1 :’>i 
1 ;};{ 


c*r» 

7 


Osoi nation 
Frequency 
in Vacuo 


! 2‘2()74* 1 

! UliOTH'd 

22081 a 

I 22081 7 
22088 0 
, 22001 r» 

I 2200;} 
22100 ;{ 

I 221010 

22 1 1 5 <} 
i 2212 10 
I 22 i ;}0 8 
1 22110 0 
1 2211 }:{ 

I 22i(;()-i; 

! 22n;o2 

I 221712 

22101 ;{ 

, 22202 0 
222<»1 2 
22220 1 
1 i>222*) 2 

2220 1 4 
222:17 8 
22212 0 
; 2221:) :» 

I 22218 2 
' 222 .")! 0 

! 22200 7 

I 22201 2 
222»;:> 0 
22200 7 I 

: 22281} 1 
. 2220 :} 1 
‘ 22208 ;} 

! 22.ioo () 
22.{o:}i 
22:500 a 
! 22:500 7 

i 22:51 an 

' 22:51(5 2 

1 22:52:5-0 

I 22:52(; 2 
’ 22:527 0 

! 22:520 0 

' 22:5:5:5 8 
I 22:5a7-(5 
22:510-l 

I 22:5 M I 
. 22;}r>o-(5 
I 22;5r>n'0 
22:558 1 
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IRON (Arc Spectrum') — continued. 


444 t 
4M4 \r> 

4141! !>7 
4142 k; 
4441 HO 
4111 l(» 
4440 r)(> 
14.10 01) 
41:10 10 
4 i:iH 50 
44:i7-.HH 
4i:i7()i 
4i:i()-r)0 
44:15-27 
44:i:i-08 

44:1:1 :i2 

44;i2 OH 


12-7 
41-7 
10 ;i 

:io 0 
:jo ,1 

:i7-8 

:io:} 


:i.4-2 
;;2 0 
020 


i 111:157 

i 

i 1112 70 

' 1441 :i2 

4110 70 
4110 22 


0 00 

0 70 

0 HO 
O 00 
0 00 


4i:iH00 0-70 


2 

4437-20 

0-74 1 

1 i 


i 

4 

14435 12 


2 

4i:i4-ll 

0-78 

G 

4 133 53 

0 02 

2 

4132-80 

0-08 1 





s 1 

li eduction to 



Thalcn 

Kavsor and 

1 

IntcMisity 

Milllcr and 

2 1 
S ^ -* 7 ', 1 

Vacuum 

OHcillation 

Knn;jCt5 


and j 

Kcuipt' 

i 

.a. ^ ‘ . 

I'lCMiuency 

(Itowlaud) 

1 

,Ficvcz 

('haraeter 

1 


A + 

i _ 

A 


in Vaiuo 

4170-23 1 



1 


i i 

j 

22303-5 

4100.53 08 7 


8 

4400 01 

0-83 , 1 

i 

22307 0 

4408 44 i 


1 


i 

j 

22372 5 

4 107 00 ' 


1 





22:57 5 0 

4 1()7-55 1 


1 




1 

22370 9 

J 100 70 OG'O 

8 

1 1400-07 

0 70 


i 

22381 2 

4105 00 1 

, 1 




1 

22384 9 

1 405-30 

1 






22387 8 

410,1 88 1 

4 




0-7 


22300-3 

4103 00 i 

! 1 






2230(5 4 

no:i-:i3 | 

i 1 



1 


22:i08-l 

4 102 1 1 , 

1 i 



i 


22404-2 

410175 ! 012 

1 0 

4101-08 

0 55 




22400 0 

1101 40 1 

! 1 

i 




I 

22407 8 

4 100 18 

1 1 






22412 4 

1150 88 ’ 

1 



i 

i 

22415-1 

1150 21 58 0 

' 8 

f4 1.50- 14 

0-0 1 

! 

j 

22 1 1 8-0 

1158 35 : 

2 


; 


1 

22423-1 

1 157 (,8 

1 

! 

1 

1 

22420-5 

1 157 IH 

} ^ 

1 


j 

2242‘)-0 

1150 40 . 5.57 


1 41.50 09 

0 70 


221:52 0 

4155 85 

1 




221 : 15-7 

4 155 -20 

i In 




22130 0 

4151.50 53 8 

I 

145170 

0 70 


22412 5 

, 115:; . 5 :; 528 

1 1 

1 1 1 . 5:1 7 1 

0 73 


22117-4 

1 11 . 5 :; 10 

1 




22410 3 

; 41.52 22 

1 1 

1 ' ^ 



1 

22151 0 

[ 115171 

i 2 




22 45(5-0 

! 11.5011 108 

i : 2 

4150 81 

001 


22i(>:; 0 

' 4118 «;o 




1 3:; 

' i 

1 

22172 0 

' 1 1 17 85 17 2 

8 

, 1118 12 

0 05 

1 :;2 


22470 - 1 

1 1117 2 :; 

2 




22170 2 

1 1 10 0.5 40 3 

•> 

111721 

0 05 


22180 0 

: 111017 

1 




22483-0 

, 111010 

1 




22181-0 

, 44 15 01 15-0 

1 

1115 S5 

0 01 


22487-1 

1115 15 

1 




22489 7 


22401 
22104-8 
22100 1 
22.-)00 8 
22.‘'>o:i :i 
22.)00-7 
22510 2 

2251 :i-o 

22510-0 
22518 0 
2252:1-4 
22520-0 

225:10 8 
225:1:1 0 
225:10-8 
22540 I 
22540 8 
22553 0 
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Iron (Arc Spectrum)— 


1 Kavser and 
Runije 
(Rowland) 

Thal^n 

Intensity 

and 

Character 

M idler and 
Kenipf 

Difference ; 
l|owland 
— Angstrom 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Vogel 

Ficvez 

A + 

A 

44320d 



1 





22556-2 

4431-43 



1 





22559 4 

4430-74 

30-2 


8 


0 54 



22663-9 

4430-32 

29-6 


2 

4430 89 

0 72 



22565 0 

4429-44 



1 

4430-30 




22569-5 

4428-71 



1 





22573-1 

4428 17 



1 





22576-0 

4427 44 

26 7 


8 

4427-46 

0-74 



22579-7 

4420 74 



1 





22583-3 

442r»-a8 



1 





22586-6 

4425-79 



1 

14425 77 




22587-1 

4424-26 



1 





22595-9 

4424-01 

23-3 


1 


0-71 



22596-2 

4423-29 

22 5 


1 

4423-32 

0-79 



22600-9 

4422 67 

21 8 


8 


0 87 



22601-1 

4422-02 



1 





22607 4 

4421-37 



1 





22610-7 

4418-43 



In 





22627-8 

4417-13 



1 





22632-4 

4416-85 



1 





22633-9 

4416-56 



1 





22635 1 

4416-10 



1 





22637-7 

4415-27 

143 


10 

t4416-3i 

0 97 



22642 0 

4414-56 



1 





22646-6 

4413-99 



1 





22648-5 

4413 35 



1 



1-32 


22651-8 

4412 15 



2 



1-31 


2265S 0 

4411 12 



1 





22663-3 

4409-25 



1 





22672-9 

4408 54 

07 8 


6 

4408-37 

071 



22676 5 

■f 4407 -80 

07 2 


6 

4407 85 

0 60 



22680- 1 

4406-74 



1 





1 22685 8 

4406*07 



1 




6-7 

i 22689 3 

4404-88 

04 3 


10 

11105 00 ! 

0 58 


6 8 

22695 3 

4403-60 



1 





1 22701 9 

4402 95 



1 





' 22705-2 

4101-46 

(KV7 


t; 


1 0-76 



22712-9 

4400-72 



1 





22716-7 

4400-02 



1 





22720 4 

4398-84 



1 





22726-5 

4396-76 



1 





22737 2 

4395 39 

94 5 


2 

t4395 45 

0-89 



2271 1 3 

4392 66 

92-2 


1 

4392 92 

O-IG 



22758-1 

4391 95 



1 





22762 1 

4391-68 



1 





22763 5 

tl391 09 

905 


6 

4391 34 

0-59 * 



22766-6 

4390-59 

90 2 


1 

4390 88 

0-39 



22769-2 

4390-10 



2 





22771-7 

4389 35 

88 8 


2 

4389-61 

0-55 



22775-6 

4388-57 

87-9 


6 

i 4388-80 

0-67 



22779-7 

4388-01 ' 

87-4 


4 

I 4388 29 

0-61 



22782-6 , 

4m 70 ‘ 



In 





22789-4 I 

4:iH5-40 ! 

81-9 


1 

4385 7<; 

0-50 



22796-1 j 

4381-8*2 : 

84-3 


2 

4385-12 

! 0-52 



22799-3 1 

4384-38 ; 



1 


1 



22801- 1 t 
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Iron (Arc Spectrum) — cnntimied. 


Kayjier and 
kungc 
(Uowlaiul) 

Thal(5n 

Intensity 

and 

Character 

Muller and 
Kempf 

Difference 

R^owland 

—Angstrom 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Vogel 

Fievez 

X-i- 

1 __ 

A 

4^83-70 

83-0 


10 

t4383-70 

O-7'O 



22805-0 

4382-88 



2 





22809-2 

4380 60 



In 





22821-1 

437y-36 



2 





22827-6 

4377 1)4 



1 



1-31 


22835-0 

4377-40 

70-0 


1 

4377-60 

0 56 

1-30 


22837-5 

4370 8!) 

76-4 


2 

4377-23 

0 49 



22840-5 

11376-04 

75-6 


8 

4376-38 

0-14 



22844-9 

4376-06 

74-2 


1 

437192 

0-86 



22850-0 

437 4-51) 



1 



i 

22852-5 

4373-07 

73-3 


2 

4374-01 

<)-37 

I 

22857-3 

4373 10 

72 4 


] 

4373-23 

0 80 

1 

22860-3 

4371-61 



1 



1 

22868-6 

4371-00 



1 




22870-8 

4370 50 



1 



1 

22873-4 

1 4360-80 

60-3 


8 


0-59 



22877-1 

4360-18 



1 





22880-8 

4308-67 



1 





22883-5 

4368-00 

67 6 


2 

4368-36 

0-10 i 


22887-0 

1367-68 

67 2 


6 

14368 07 

0 18 



22888-6 

4366-80 



1 





22892-8 

4366-02 



L 

4366-31 

0 72 



22897-3 

4362-47 

62-5 


1 

4363-21 




22916-0 

4360-01 

60 5 


1 

4361-21 

041 



22924-2 

4358-02 

58 1 


4 

4358 91 

0-52 



22936-2 

4356 04 



1 




6 8 

22946-1 

4353-60 



1 




69 

22962-6 

14352 86 

52-3 


8 

4353-12 

0-56 



22966-5 

4362-57 



1 





22968-0 

4351-07 

51-0 


4 

4351-66 

0 67 



22972-8 

4351-11 



1 





22975-7 

4360-43 



In 





22979-3 

43 40-87 



1 





22982-3 

4340-07 

48 0 


2 

4349 30 

0 47 



22986-5 

4348 57 



Tn 





22989-2 

4347-90 

i 17 1 


2 

4318-18 

0-59 



22992-2 

4347-34 



1 





22996-7 

434(;-66 

16-2 


4 

4316-88 

0-46 



22999-3 

4346 17 

11 2 


] 

4344-79 

0 97 



23007-2 

4344-02 



1 





23010-1 

4343-81 

43 3 


2 

4313-96 

0-51 



23014-4 

4343 30 

42 7 


2 

4313-49 

0-60 

1-30 


23016-6 

4340-06 

40 0 


1 

t4340-71 

0-66 

1-20 


23031-1 

4340 21 



1 





23033-5 

4338 38 

37-8 


2 

4338 56 

0-68 



23043-2 

4338-05 



1 





23044-9 

4337-71 



1 





23046-7 

4337-14 

36-6 


10 

4337-35 

0-54 



23049-8 

4335-06 



1 





23066-0 

4333-88 

32-0 


1 

4332-72 

1-88 



23067-1 

433180 



1 





23077-7 

4331-02 

30-G 


1 

4331-41 

0-42 



23082-3 

4328-91 



1 





23093-6 

4328-02 

27 3 


2 

5328-34 

0-72 



23098-3 

4327 22 

26-6 


4 

4327-51 

0-62 



23102-6 
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Iron (Arc Bp-ECTR\jM)—continned, 


Tluileu 


Knv^er and 
limmc 
(Rowland) | 

A'ogel I 

4320-80 1 

20-3 

14323 02 ! 

4323 10 

4324 00 
4322 03 

23 3 

4321 OO 

21-4 

4320-80 
4310 8S ; 
431S-7S , 
4318-22 
4317*10 ‘ 
4310 21 
4313 S3 

20 2 

4313 21 

431 1 13 
4313-01 

4312 28 
4311*12 , 

14G 

4310 52 

10 0 

4300 30 

OO 2 ; 

4300 1 1 


G43O7*00t 

07 3 ' 

, 4300 80 , 


1 4300c i 1 


1 4305 38 

! 4303-32 

04 7 

; 4304-00 

! 43o:i-s7 

1 4302. 23 

4302*08 

04 0 

1 4302 31 

4301-10 
4300-^<; 
4300-20 

01 7 

4200 12 

08 8 

4208 10 
4207*10 
4200 30 
4200-13 
4203 83 
4203- 13 
4205 08 

07 0 

4201 20, 

03 7 

4203-0,1 

1 

420;i*O7 


4202-40 


4202 30 

01 7 

4201*00 

01 2 

420< 1-00 

00 5 

4200 30 
421K) 04 

; 80 0 

4289*84 

i 

42HO-OH 

1 88 7 

4288 25 

; 87*7 

4287-05 

86*7 


Ficvcz 


Intensity 

and 

Cliaraetor' 


a ® 

Miillor and i -r ? 
Kempf 1 o ^ 


1 

It) 

1 

1 
1 

2 
1 
1 
1 
1 
1 

In 

I 

10 

1 

1 

1 

1 

1 

(’) 

»> 

10 

1 

1 

t> 

1 

1 

1 

1 

1 

1 

1 

10 

4 

1 

1 

1 

1 

1 

1 

10 

1 

In 

: 1 

2 

; 4 

1 
2 
1 

2 

2 

4 

2 


J 

I 4327 20 
! 14323 OS 


4322 20 
1321 23 


, ^4308 23 


0 3(> 
0 02 


0 50 
0 00 


Reduction to 
Vacuum 


4204 04 


I 4202 61 
' 4202 02 

; 4201 15 

j 4200*77 

I 14280 87 


Oscillation 
Frequency 
in A^acuo 


23104*5 
23100*0 
23113*5 
231U)*3 
23123-5 
23131 I 
2313(;-3 
23111 0 
23147*8 
23130-8 
23130 S 
23101 0 
2*1103 0 


1 

0 61 1 ; 


23166 0 



23171 1 

1 

, 

23173 0 

i 1 


23182 7 

' ! 


23188 0 

0 32 ' j 


23102 2 

0 30 ; 

1 

23107 6 j 

j 


23100 6, 1 

0 63 ' : 


23203-0 1 



23.212 2 1 

, 1 


23215 0 ' 

0 88 1 I 


23218 8 ' 

1 

1 20 1 


23220 2 1 

0 26 ! 

1 28 1 


23223 7 1 

' 


If 3 2 26,0 i 

1 


2;!231 3 



23231 1 

0 61 ! 


23236, 1 

1 


23212 6 



232 1 1 3 



23217 3 

0 62 ; 


23232 0 

0 56 ! 


23238 0 



2 126‘J-7 



23267 3 



23260 0 


1 1 

23271-5 



23273 3 



23275 6 

0 36 

i 1 

232800 




23283 3 




23286 4 




23280 6 

0-66 



23200-3 

0*10 


6 0 

23203-0 

0 40 


70 

23207*6 

0 60 



23300*3 




23302*8 




23303*9 

0*38 



23;iOHO 

j 0 55 



23312 5 

1 0*35 



23310*2 
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Iron (Arc continued. 


4*270-1 
4*2«;'.i .s‘) 
7)0 

42«;s S7 
t 42 <M 07 
4‘2r.7 OS 
t;o 

4 ‘ 2 r.o oo 
}2t;r» :i7 
4-2r)l SH 
4201 :$7 
420,1- IS 
4200-01 
4*200 21 

42.70 oa 
42ri‘.) ao 

42.70 00 
42:>s-7r, 
42 r, 8 -ia 
42.77-SO 
4257-18 
4250-82 
42r)6-a2 
4250-00 


08-0 

1 

1*209- 12 

0 27 

07 0 

0 

1208 1 1 

0 17 

00-T 

4 

' 1 

12(57 35 

0 38 

05 2 

i 1 

i 2 

1 1 

1205 05 

0-17 ! 

01 1 

1 

2 

1201-63 

0 27 

60 2 


t 1200 73 

0 41 


1 1 





1 

! 


1 


1 



1 





58 1 


2 

12.59 00 

0-35 

58-0 


2 

i 425H-(50 

0-43 



In 

j 




In 

1 




1 

1 




1 




1-28 
1 27 




1 



Reduction to | 


Thaltni 



S '■'3 5 

Vacuum i 

5iv8er and 


Intensity 

Mailer and 

c 2 -S 



Kuiif^c 


— 

and 

Kempf 

bij 

S P 


] t 

Rowland) 

Vogel 

Fievez 

Cliai'uctor 



\ + 

! 

4280 58 

86-2 


1 

4286 99 

0 38 



4280-22 



1 





4280 02 



1 





4285 57 

85 2 


(i 

4285-92 

0 37 



4285-20 



5 





4284-90 



1 





4*281 55 



In 





4281 20 



In 





42.S3 73 



1 





428:5-35 



1 





4283-20 



1 





4282 5.8 

82 1 

1 10 

1282-87 

0 18 



4281-80 


1 





4281 21 


i 1 





4280 l',8 

! 80-0 


1 1280 87 

0 08 



4*279 99 

' 79-1 

1 

1280 20 

0 .59 

1 1 


4279 59 

j 79-2 


1279 91 

0 39 ; 

1 

4*279 01 


i ' ^ 



1 

4278 35 

! 77-9 


1278 (5(5 

0 15 

j j 

1277 SO 

; 77-3 

' ' J 

1278 02 

1 0.50 : 


4277 34 


1 


i i i 

1270-80 

1 ^ 

*2 

1*277 10 

! 0 40 ! 1 1 

4275 79 

j 75 3 

1 

127591 

0 19 ' 


1275 *27 

1 

1 1 




427 1 87 

* 73 7 


1274*25 

1-17 1 


427:5 '.»9 

1 

i J 


j 


4273 10 


1 1 



1 

1 

4*272-01 


; 1 



1 

j 

4271 9.5 

7 1 '0 

1 to 

127*2 17 

0 3:5 

1 


1*271 :5o 

71-0 

J 10 

1*271 54 

0-30 

1 


4270 <55 

1 

^ 1 

i 


1 



' in Vacuo 


2aa2i-o 

2.5023 6 
23321-7 
23327-1 
23329-1 
23.330-8 
23332-7 
23334-6 
23337-1 
23339-2 
23340-0 
2334.3-4 
23347 3 
233.70 7 
23353 H 
233.57-5 
23359-7 
23302-9 
23300-5 
23309 .5 
23372 0 
23375 0 
23380 5 
23383 3 
23385-5 
2.5390-3 
23394-9 
23397-9 
23101 6 
23105-1 
23 108-6 
23411 5 
23412-8 
23414-9 
23418 4 
23123 3 
23 428-2 
23430-4 
23433-7 
23137-6 
23440-3 
23143-1 
234.59-0 
23403-6 
23466-0 
23409-2 
23470 5 
23472-1 
23474-1 
I 2:5175-8 
: 23479-3 
j 23482-7 

* 2318 4-7 
23187-5 

* 23489-2 
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Iron (Arc Spectrum)— 


Kav^er and 
lounge 
(^Kowland) 


4255 (>1 
4255-08 
t4254-45 
4254-18 
4253-80 
4253-25 
4252 27 
4250-93 
4250-28 
4249 07 
4248 77 
4248 85 
4247-CO 
4246-60 
4246-18 
4245 30 
4244-38 
4243 89 
4243-44 
4242 85 
4242-44 
4241-90 
4241-20 
4240-79 
4240-50 
4239 90 
4238-98 
4238-14 
4237-26 
4236-84 
4236-09 
4235-41 
4235-01 
4234-51 
4233-76 
4233-25 
4232-93 
4232-67 
4231-32 
4230-75 
4230-36 
4229-86 
4229-61 
4228-98 
4227-60 
4226-84 
4226-52 
4226-08 
4226-61 
4224-63 
4224-27 
4223-40 
4222-32 
4221-36 
4220-44 


_ ~ — - 



S 

lleduction 


Thalen 

Intensity 

Mailer and 

o o 

B O 

SirS 

to Vacuum 

Oscillation 

1 Vogel 

I 

Fievez 

and 

Character 

Keinpf 

sg s c 
gof-J 


1 

a“ 

I rcr|iicncy 
in Vacuo 

55-3 




2 

4255-92 

oil 



23491-2 



1 





23494-3 

54-0 


2 

4255-28 




23497-8 

53 6 


1 

4254-22 

0-63 



23499-6 



1 





23600-9 



1 





23504-4 



1 





23509-8 

50-5 


10 

4251 13 

0-43 



23517-3 

49 8 


10 

4250- 15 

0 48 ! 


23520-9 

i 


1 


! 


23527-6 

>' 


1 




23529-2 

1 

47 9 


4 

4248 60 

045 


23531-5 

47 1 


8 

4247-72 

0-60 


23535-7 



1 


1 


23541-2 

45 7 


4 

4246 36 

0-48 ! 


23513-6 

44-9 1 

i> 

4215 59 

019 1 


23518 0 


1 





23553-6 

43 1 ■ 

1 

4244 13 

0-49 



23556-3 

43-0 

<> 

4243 67 

0 44 



23558-8 

1 42-3 ' 

2 

42 12 98 

0 55 



23562-1 


1 





23564-3 

i 1 

1 





23567-3 

j 40 7 1 

1 

4241-11 

0-50 



23571-2 

! 

1 





23573-5 


' 2 





23575-1 

1 39-4 

6 

4240 11 

0-50 



23578-5 

38 5 

1 8 

4249-10 

0-18 



23583-6 

37-7 


4 

4248-32 

0-44 



23588 3 

36-8 


2 

4237-45 

0 46 



23593-1 



111 





23595-5 

35 6 


10 

f4236-21 

0-49 



23599-7 



2 





23603-5 



1 





23605-7 



1 



1-27 


23t;08-r) 

33 3 


10 

4233-87 

0-46 

1-26 


23612 7 



1 





23615-5 



1 





23617-3 



1 





23619-3 



1 





23626-3 



1 





23629-5 



In 





23631-6 



1 





23634-4 

29 0 


2 

4229-72 

0-61 



23636-8 



In 





23639-4 

27-0 


10 

4227-67 

0-60 


70 

23647-1 



4 




7-1 

23651-2 

25-9 


4 

4226-65 

0-62 



23653-0 

25-5 


4 

4226-25 

0-68 



23656-5 

26-0 


6 

4225-69 

0 61 



23658-1 

24-1 


2 

4224-76 

0-53 



23663-6 

23-7 


6 

4224-43 

0-67 



23665-6 



1 





23670-5 

21-8 


8 

4222-45 

0-52 



23676-6 



1 





23681-9 

19-8 


4 

4220-69 

0-64 



23687-1 
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Iron (Arc Spectrum)— coatteKcii. 


[^nyaor and 

Thal^n 

Tnton.sity , 
.and 

CharaHer 

iSliiller and ] 

^ 'ts ^ 
111 1 

Reduction to | 
Vacuum ; 

Oscillation 
Frc(}uency 
in Vacuo 

Kun^e 

Howland) 

Vogel 

Fievez 

Kempt' j 

1 

1 

0 5 i 
! 1 

A.+ ! 

1 __ 1 

\ ; 

42l9-9‘» 



1 



1 

‘23689-6 

4219-47 

18-8 


8 

4219 59 

0*67 


‘28692-6 

4218-48 



1- , 



j 

28698-1 

4217-69 

17-2 


6 1 

4217 80 

0-49 , 


28702-6 

4216-28 

15-7 


6 1 

4216 15 

0-58 1 


28710*5 

1216-08 



1 1 



1 

28711*6 

4215-02 



4 




28714-8 

4218-70 

13-2 


^ i 

4213 85 

0-55 


28724-7 

4218-38 



1 



1 

28726-8 

4212-61 



1 1 



t 

28781-2 

1210-48 

09-8 


8 

4-210 .59 

0-68 

1 

28748-2 

1208-71 

08-2 


1 

4-208 88 

0 51 

j 


28753-1 

4207-93 



I 



1 


28757-5 

1207 -22 

06 7 


4 

4207-88 

0 52 



287G1-6 

1206-78 

06-8 


2 

420(i-90 

0 48 



28764 0 

4205 68 

05-0 1 

‘2 

4205-73 

0 63 



2.8770-5 

4205-12 



1 




28778-4 

4204 07 

03-5 


6> 

4201 21 

0-57 



28779 4 

4208-68 



111 





28781-9 

4208 27 



1 





28788 9 

4202-85 



-J 



, 

287S6 8 

1202-15 

01 6 

1 10 

14202 33 

0 55 

1 

28790*2 

4201-81 


1 I 


1 

28795 0 

4201 01 

00-3 

: 4 

1200 98 

0 71 


2:5796-7 

1200-01 



1 



1 

28SO‘2-4 

t4199-19 

98 7 


10 

4190 33 

0 19 

1 

28S07-0 

4198 75 



2 




' 28M18 5 

1198-12 

97-7 


10 

4198 16 

0 72 

1 26 


L>:5.sn-4 

4197-32 



in 



1-25 


2881 7-6 

4196-66 



2 



1 

28821 4 

1196-81 

95-7 


6 

4196-46 

o-<;i 

1 

2:5823 4 

4195 71 

95-3 


•» 


041 

i 

; 215826 8 

1195-46 ’ 



6 



t 

■ 28828 2 

4194-r>6 



2 



i 

28888-3 

1198-70 



1 




, 2.3888-2 

4198-85 1 



1 



) 

; 23840-2 

4192-62 



1 



1 

1 

, 23844-8 

4192 22 



1 



1 

1 2:i846 6 

1191-72 



1 



1 

1 2.3819-4 

4191-57 

90-9 


10 

; 4191-65 

0 67 

1 

! 28850 8 

4190-89 



1 



1 

‘ 28851 2 

1190-48 



1 



1 

28856 5 

1190-07 



1 




' 2:1858-8 

4189-67 



2 



1 

28861-1 

4188 99 



1 




28865-0 

4188-66 

, 

1 

1 



' 28866 9 

1187-92 

87-8 ' 

10 

t 4188 32 

0-62 



•28871-1 

4187-17 

8' 6 

10 

4187 31 

; 0*57 



! 23875-4 

4186 20 



1 


1 



: 28880 9 

4185-72 



1 


j 



i 28883-6 

t4 184-99 

84-4 

i 1 « 

4185-12 

i 0-50 



1 28887*8 

4184-81 

, 

: 1 





23891*7 

4188-11 

j 

! 1 





23898-6 

4182 85 


I 1 




1 23900-0 

1182-46 

81-8 ; 

! *1 

4182-58 

0-06 

' 

i 23902-3 

1891. 






0 
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kepout — 1891. 


Iron (Arc Srectrum)— 


Kavser and 
Kunpje 
(Rowland) 


Tlinlen 


Vogel 


Fievez 


' Intensity' 
i and 'l 
; Character I 


M idler and 
Keiiipf 


4181-85 
4181*16 I 
4180 00 : 

4170- 93 : 
4179*46 I 
4178-95 
4178 61 
4178*11 
4177 66 , 
4177-16 1 
4176-62 i 
4175-71 I 
4174*98 ■ 
4174*17 
4174 00 
4173-52 
4173*39 
4172 81 
4172*60 
4172*20 

4171- 99 
4171*79 
4170*99 
4170*42 
4169*90 
4169-03 
4168*71 
4168*33 
4167*96 
4167*38 
4165 51 
4164-89 
4163 74 
4162*63 
4162*19 
4161 57 
4161*13 
4160*59 
4160*31 
4159*36 

t4158*89 

4157*91 

4157*46 

4156-88 

4156-13 

4154-95 

4154-57 

4154-04 

4153*47 

4152-78 

4152-25 

4152-04 

4151*34 

4150*42 

4149*44 


81*3 


76 0 
75 2 
74-3 


72 8 
72 2 

71*5 

70*4 

68 4 


67*3 


64*8 

63*0 


60*9 


68*2 

57*2 

56*2 

54*2 
53 8 
53*2 


51*4 


49*7 

48*6 


8 

1 

1 

1 

I 

1 

1 

1 
6 
1 
6 
8 
6 
1 
4 
1 
4 
6 
1 
8 
1 

2 
K 
1 
1 
2 
I 
I 
1 
1 

1 

>•> 

1 

1 

V 

2 
1 
1 
I 

6 

6 

1 

8 

1 

6 

(> 

1 

4 

2 
1 
4 

r> 


1182 00 


1 41 78*07 

4176*80 

4175*85 

4175*10 

4171*20 

4173*66 

4172*88 

4172 26 

4171-21 
; 4169 20 

j 

j 4168*16 
I 1165 71 
’ 4163*88 

i 4161 75 

4159 04 
4158*03 

4157*02 

4155*05 

4154*74 

4154*15 


14152*34 

4150*56 

4149*56 




0-55 


0*16 


Rcduetl(»u 
tu Vacuum 


0 62 i 

0*51 
0*68 ' 

j 0*60 ; 

' 0 59 I 
i 0 61 I 

I 

0*70 I 


j i 


I o-t;3 

1 

i 0*66 

I »■:. 

10 74 

0*67 


0-69 

0-71 

1 0 68 

! 0*75 
I 0*77 
I 0 84 


0*85 


1 25 
1 24 


0*72 

0*84 


Oscillation 
Frcquenc}’^ 
in Vacuo 


23905-8 
23009-7 
23912-9 
23916-7 
23919-4 
23922-4 
23921*1 
23927*2 
23929*7 
23932-6 
I 23936-7 
23940 0 
23945-1 
23948-0 
23950*7 
23953*5 
23954*2 
23957*6 
23958*4 
23961*1 
23962*3 
23963*4 
23968*0 
23971*3 
23974*3 
23979*3 
23981*1 
; 23983 3 

, 23!<8r>*4 

23987*8 
! 2391>9*6 

I 24003*1 
i 24009*7 
' 24016*1 

i 24018-6 
21022-2 
; 24024-7 

, 24027-8 

, 24029 5 

! 24036*0 

I 24037*7 
1 24043*3 

24045*9 
24049*3 
21053*6 
240(50*6 
24062*7 
; 2 1065*7 
240(59*0 
I 24()73*1 
24076*1 
24077*3 
24081*4 
24086*7 
1 24092*1 
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Iron (Arc Spectrum) — continued. 


Kayser and j 
Uung(* 
(Kowlaiui) i 


I'haldn 


Vogel 



4i:n u 
4i:U)5H 

4i:io os 

4120 71 
4120 28 
4128-01 
4127-80 
4 127 -OS 

4120- 05 
4120 25 
4125 01 
4125-71 
4125-17 

4124- 70 
4124 ;15 

4125- 81 
4125-10 
4122-50 
4121*88 

4121- 48 
4120-50 
412028 
4110-84 
4110-45 
4119-00 
4118-02 
4118-00 
4117 75 


Fievez 


20-0 


21-8 
21 I 


10 -: 


17-8 


Intensity 
! und 
(’hsiractcTi 


8 

In 

4 

I 

1 

10 

10 


1 

H 

I 

In 


M dllcr and 
Kempf 


4147-05 

414G-32 


4141-14 

4145*71 


4142 11 


1 

1 

1 

4 

1 

0 

1 
1 
t> 
1 

2 
2 

10 

2 

1 


-2 

PS § ij 


0-74 
0 72 


0-76 
0 80 


0 71 


I 4140 20 ' 0 70 


! 4157 25 I 0 70 


4134-77 

:uo 

' lo 

4131-92 

1 0 77 

4134-50 


1 ^ 

1 


4133 90 

2 

i ^ 

! 1134-12 

1 0 7i; 

4133 67 


1 



4132 96, 

32 2 

s 

4133-17 

0 76 

413-2 15 

31 

10 

1 11 -32- 13 

0S5 


4127-95 
1120 45 


4124*04 

' 4122-85 

1 4122-07 


1120*19 


t^U9*02 


Reduction to 
Vacuum 


0-78 

0-75 


0-Gl 


0-79 

0-78 


0-78 


0-82 


1-21 

1-25 


Oscillation 
Frequenc\ I 
in Vacuo ! 


24102 5 1 
24108-1 ; 
24111-7 
21110 0 ! 
24119-9 
24124-:’, 
24127-0 
24131-4 
24i;i3-9 
24136-1 
24138-6 , 
24140-9 
24144-2 
24147-6 
24153-3 
24158 2 
24161-2 
211()1 0 
24167-4 
24170-9 
24174-1 
24177-9 
24179-5 
24182 7 
24184-1 
24188-5 
24193-3 
24199-2 
24202-5 
24205-1 
24207-6 
24210-1 
24212-3 
24218-4 
24219-5 
24223-8 
24227-9 
24228-7 
24231-0 
24234-2 
24236-6, 
24239 0 
24242-2 
2421644 
24249*4 
2425:V6 
24255-9 
24261*2 
24263*0 
24265*6 
24267-9 
24270-5 
24272 7 
24276-:; 
24277-8 
o 2 
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REPOBT — 1891. 


Iron (Arc Spectrum) — continued. 






S 

Ileduction 


Kavscr and 

Thalea 

Intensity 

Miillor and 

OT3 ? 

ej 

to Vacuum 

Ortoillation 

Uiinf^e 

(Howland) 

Vogel 

Fieve/ 

and 

Character 

Kenipf 

fcc 

I 

A-h 

1 

Fronuency 
in V acuo 

4117 41 



1 


I 

I 


24279-8 

4116-86 



1 




24283-1 

411G22 



1 




24286-8 

4115-78 



1 


. 


24289-4 

4iir>-;u 



2 


! 

I 


24292-0 

41 1 1-1^8 

1 

«> 




24294-2 

1 11 14-5:1 

13 7 


6 

111 1-74 

0-83 i 


24296-8 

1 41i:i80 



1 


i 


24300-6 

! 4li:i-52 



1 




24302-8 

1 Ilia OH 

12'3 


4 

4113 24 

0 78 


24305-4 

4112-47 



<> 




24309-0 

4111-85 



*> 




24312-7 

4111-17 



1 




24316-7 

4110-41 

1 1 

1 


, 


24321-2 

4109-88 

09 2 j 

8 

1110 09 

0 6S 


24324-3 

1109-23 

' 

4 



21328 2 

4108-23 


1 




24:i34-l 

t4107 58 

06 8 j 

8 

4U)7 7i\ 

0-78 


24337-9 

4106 55 

: 

4 




24344-0 

4106-37 

05 '7 

1 

410() 63 

0 67 : 


24315 1 

4105-28 

' 

2 




24351-6 

4105 01 

1 

1 



24353-0 

4104 70 

! 

1 



24355-0 

4104-20 

03 5 

6. 

IIUI 10 

0-70 I 

21g5H 0 

4103 41 


1 



' 2i:i62-r> 

4102-50 



1 




24;i68-l 

4101-76 



2 

1 1101 -98 



24372 5 

4101-37 ! 



4 

' 

21374*8 

4100-82 

00-2 


6 

110100 

0 62 


21378 1 

4100-26 



4 




24.38 M 

4099-87 



1 




21383*7 

4099-04 



i 1 


I 


2 1388 6 

4098-26 

97 6 


8 

1098 41 

0 66 ' 


21393 3 

4097-19 



I 

i 




23399-7 

4096-67 



1 





24402 8 

4096-06 

95-6 


i 8 

1096 29 

0-46 



21406-4 

4095-35 



( 1 





24410 6 

4094-57 



1 




21415-3 

4093-28 



I 


t 


21423 0 

4092-60 



4 

1092-83 

' 


24427 0 

4092-43 



4 




24128 1 

4092-11 



1 




241.30-0 

4091-66 



4 


I 


24432-7 

4091-34 



1 




21434 6 

4091*12 



4 

i 1 


1-23 


214.36-1 

4090-17 



1 1 



1 ‘22 


21441-6 

4089-28 



4 





24416 9 

4088-65 



1 





24450-6 

4087-95 



1 





24454*8 

4087-50 



1 





24467*6 

4087*16 

86-5 


2 

1 4087-35 

0C6 



24459*6 

4086-64 



1 





24463-3 

4086-06 



1 





24466*2 

4086*38 

84-7 


r* 

4085-53 

0-68 



24470*2 

4086-07 

84-4 


0 

4080-27 

0-67 



24472*1 
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Iron (Arc Spectrum) — continued. 


Kaysor and 1 
Kuii^c 1 
(Uowlancl) | 

i 

Thalcn j 

V ogol i F levoz 

Intensity 

and 

Character 

4084-59 

83 9 

1 

8 

4083-90 1 



4 

4083 70 1 


i 

4 

4083-03 1 


4 

4082-56 1 

; 1 

2 

4082-20 i 

1 ! 

2 

4081-67 j 

1 1 

1 

4081-35 

j 

1 

4080 96 1 

, 1 

2 

4080-30 : 

79-7 ! 

4 

4079-91 1 

79-3 ; 

(*> 

4079-50 


2 

4079 32 


2 

4078-83 


1 

' 4078-41 

77-8 

6 

1077 71 


1 

; 4077 36 


1 

1 4071) 72 

76-0 

S 

4076 32 , 


1 

4076-05 


1 

4074-87 i 

71-2 , 

6 

1071-19 1 


1 

+ 1073 84 1 

73 2 1 

4 

4073 35 


1 

4072-62 


•> 

4071-79 

710 

10 

4070-85 

69 7 i 


4069-08 


1 

4068 07 

67 3 

8 

4067-36 

66-7 1 , 

6 

4067-04 

6(;-3 ' ; 

6 

4066-66 


4 

406(;-29 


1 

4065-87 

1 

1 

4065*48 

1 i 1 

4 

406 1 55 

‘ 1 1 

2 

4063 63 

1 63 0 ' ^ 

10 

4063-40 

1 ’ ' 

4 

4062-94 

1 ' 

1 

4062-51 

! 6 1 * S , 

8 

4062-00 

i : : 

1 

4061-24 


1 

4060-88 

1 : 

i 1 

4059-80 

59-2 ' 

I 4 

4058-99 

i 

In 

4058*86 

58 2 ’ 

4 

4058-30 


4 

4057-91 

57*6 j 

<> 

4057-43 

56’7 j 

4ii 

4056-61 

, 

1 

4066-04 

1 1 

1 

f4056-63 

I 

4 

4055-12 

1 ; 

2 

4064-94 

64-2 1 

2 

4054-25 

i 

1 


M idler and 

I 

a 5 ^ 

III 

Keduction to 
Vacuum 

Kempt’ 

A-t- 

1 

-108)'7r, 

0 69 



i 

i 

1080 47 
4080 09 

! 

0-60 

0 61 


1078 65 

0 61 , 

1 

1 1077-48 
4076 93 

0 72 


1075 01 

4071 03 

0 1)7 

0 6 1 

1 7 3 

: 7-4 

1 tl071 86 
4070 50 

0-79 

1 15 

1 

4068-21 

1067-21 

0-77 

0 (>6 

0 71 



1 1 1063 94 

0-63 



1062 73 

071 



i 4060 03 

1 

; 0-60 


i 4059-16 

0 6t; 



! 4057-77 

i 

0-31 

0-73 



1 4056-18 

I 0-71 

1 * ' 

j 1-21 

I 


i 


Oscillation 
FrerjU(*iicy 
m Vacuo 


21475-0 1 
24479-1 I 
24480-3 I 
24481-3 
24487-2 
24489-3 I 
24492-5 i 
21494-4 i 
24490*7 
24500-7 
24 503-0 
24505-5 
2150<;-(; 
24509-5 
24512-1 
24516 1 
24518 4 
21622 2 
24524-6 
24526-3 
21533-4 

21539-5 
2 1542-4 
21546 8 
24551-8 
2 1557-5 
24568-2 
215713 ! 
21578 6 i 
24580-5 ! 
21582-8 1 
21 585-0 ' 
24587-6 ' 
24589-9 
24595-6 I 

21601-1 I 

24602 5 1 

24605-3 

24607-9 

24611-0 

21615-6 

24617-8 

24624 3 j 

24629-3 I 

24630 I ' 

24633 8 I 

24635-8 

24638-7 

24643 7 

21647-2 

24649-7 

24652 8 

24653-9 

24658 1 
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Kavser and 
llunf^e 

Th 

(Uon-land) ^ 

j V*i"cl 

4053-87 
1053-31 
, 4052-75 


; 4052 50 

1 4052 13 

! 4052 03 

4051-10 
1050-83 
4049 92 

i "" 

j 

4049-40 

i 

' 14048 82 

I 4047-10 

- 48 2 

1 4045-90 

: 15-3 

' 4014 09 

1 44 0 

1 4044-00 

43 3 

1 4041-44 

40 5 

j 4010-74 
1010 12 
' 4038-83 

1 14035-70 

1 39 5 

1 

' 4(K14-59 

' 33'9 

4033 10 

32 4 

1 4032-72 

4032-54 

32 0 

4032 00 
4031-33 

31-3 

4030-84 

i 30 0 

4030-00 

4030-20 

i 

4029-72 

4027-03 

4025-93 


4024-80 
4024-20 
, 1023-51 

4022-80 
4022-25 

21-0 

4021 90 
4021-09 
, 4020-54 

; 4019-75 

, 4019-13 

j 4018-79 

: 21 3 

! 4018-30 

; 4018-21 

175 

i 4017-23 

1 4016-55 

: 4015-40 

10 1 

4014-63 

4014-41 

13 G 

4013-91 

4013-75 

, 13 0 

4011-81 

i 

1 

4011-49 

1 

I 

4011-05 



REPORT — 1891. 

Iron (Arc Spectrum)— 

• ' li eduction to 


Fie VO/. 


Intcn.sity 

and 

Character 


1 

1 

2 

I 

1 

1 

1 

1 

1 

1 

U) 

4 

\ 

I 

4 

1 

In 

2 
G 
(> 


JMiiller and 
Kempf 


! <« S ; 

c p ‘2 ' Vacuum 
2 ’ 

I 1 

a-i'j i 


1052 : 


404 1) 12 

f 1040 00 
4014 94 
KHl 27 


4031-80 
4033 47 
1032-97 

1032 38 

tJ030 8:> 


0 02 

0 00 
0-09 
0-70 
0-9 1 
1 21 


0 09 
0-70 1 
0 72 ' 


0 7 (‘> 
0-81 


1 7 


4026 03 i OSO 


4022 27 ] O-GG 

I 


4018 64 i 0-80 


4017-53 


0 83 


4014-08 I 1-03 
4014-22 I 0 91 


1-21 

1-20 


4 

7 3 


Oscillation 
F requency 
in Vacuo 


240()0-4 
21003 8 
24007-2 
21008-4 
24009-1 
21071 0 
24075-4 
24078-9 
24084-4 
24087-0 
2 109 L 2 
21099 8 
24709.0 
24710-4 
24720-0 
21730 3 

21740 5 

21741 3 
21752-2 
24771 1 
21778-3 
24787 1 

21789 8 

21790 9 
21793 8 
21798-3 
21801-3 
24802-8 
21801 9 
21808 1 
21821 0 
24831 3 
24838 1 
21842 2 
24840 1 
24850 8 
2 1834-2 
24850 0 
24857-7 
21804-8 
21809-7 
24873-5 
24875-0 
24878-3 
24879-2 
24885-3 
24889-5 
24890-0 
24901-4 
24902-8 
24905-9 
24906-9 
24918-9 
24920-9 
24923-6 
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Iron (Arc Spectrum) — continued. 


Kayscr and 
Kunge 
(Rowland) 


4009-80 
4008-97 
4007 :m 
4000 71 

4000- 99 
4005-9:1 
4005 07 
4004-90 
400:{-88 
4002 77 

4001- 77 
4000-57 
4000-:i0 
:i998 70 
:1998 10 
3997 49 
;1997 25 
:{997-00 
:i996-42 
.3990 08 
3995 :}4 
:1994 22 
.5990 48 
3989-9 1 
3980 27 
3985*40 

f3984 OS 
3983 17 
:i98l-87 
:{981 21 
:}979 7:1 
:J978 !)l 
.3978 55 
;5977-8;; 
3977-00 
3970 95 

3970- 71 
.3970-47 
3970 00 
3975-33 
3974-81 
3974- 10 
3974-10 
3973-75 
3973-00 

3971- 41 
:i970-51 
3970-35 
3969-72 
3969-34 
3968-55 
3968 05 
3967-51 
3906-70 
3960-16 


'Ihalen 


Vogel I Fievez 


I 


09 0 

00 0 

05 5 

01 ;*» 


00 9 
99 5 


97 1 
9i; ; 


01 


90 ~i 


Intensity 

an<l 

Character! 


60-7 


1 

4 

*> 

1 

1 

0 

0 

1 

0 

1 
4 
1 
4 
4 

0 

4 

0 

1 

0 

1 

1 

1 

1 

s 

1 

] 


1 

1 

1 

In 

4 

1 

0 

4 

1 

1 

8 

4 

2 

4 

4 

4 


Muller and 
Keiiipf 


4010 08 

4007-08 

4000 07 
f 4 005 -10 


41)02 05 
4000-59 


0 89 
1-03 


0- 87 

1- 07 


:1998 33 0-97 
.3997 77 0-79 


Reduction to j 
Vacuum 




13987-01 
398 1 23 


7 0 


1-20 
i 1 19 


3969-52 
1 3968- 79 


j Oscillation 
! Ficqueucy 
j in Vacuo 


21931 4 

2 1930-0 

2 1940 0 

21950-0 

2 1952 6 

249.59-2 

24900-8 

24901-5 

24908-3 

24975-2 

24981 4 

24988*9 

21900-2 

25000-2 

25004 0 

25008-2 

25009-7 

2.5010 9 

25011 9 

25017 0 

25021-7 

25028-7 

2.50.52 1 

2505.5-5 

25078 6 

2.508:1-6 

25092 :3 

25090 1 

25100-2 

25110 4 

25119-7 

25124-9 

25127-2 

25131-7 

25i:i2-8 

251.37-3 

25K38-8 

25140-3 

2514.3-3 

25147-5 

25150-8 

25153-0 

25156-3 

25157 5 

2.5102-1 

25172-4 

25178-1 

25179-1 

2.5182-1 

25185-6 

25190-6 

25193-7 

25197-1 

25202-3 

2.5206-7 



200 


REPORT — 1891 . 


Iron (Arc Spectrum) — continued. 







Reduction to 

1 

Kavser and 

Cornu 

Intensity 

Muller and 

Difference 

Vacuum 

Oscillation 

Kun^;e 

and 


R^owlaod 

1 

lre(inenoy ' 

(Rowland) 


Character 


— Angstrbin 

A.+ 


lU \ llOUO 

3965'(;2 1 

1 


! 


25209-1 

3964(U 

2 


1 


25215*0 - 

3963-24 ’ 

4 

3903-01 



25224-3 ' 

3962-80 ■ 

1 




25227-1 

3962 42 i 

1 

3002*57 



25229-5 

3961 -ca . 

2 




25234-5 

3961-24 

1 




25237-0 

3960-38 

2 

3960-40 



25242-5 : 

3958-48 , 

1 




25264-0 i 

3958-29 1 

1 




25255-8 1 

3957*80 ' 

1 

3958*10 



25259-0 

3957-17 

2 




25263-0 

3950-77 

55 0 

G 


0*87 



25265-5 

3956 54 

! 4 


. 

25267 0 

3950-05 

( 4 

3950-12 

1 


25270-1 

3955-50 j 



' 


25273 6 

3954-78 

1 




25278-3 

3953-93 

1 


, 


25283 7 

3953-25 

4 

3953-65 

1 


25288-0 

3962-71 1 

6 

t395300 

1 

25291-6 i 

3961-25 

0 


1 

25300 8 j 

3950-05 

0 

3940-27 

i 1 19 

25308 5 

3949-25 

1 


! 118 

2531 3-7 

3948-87 , 

6 



1 25316 1 

3948-23 

4 



25320 2 

3947-64 , 

4 

3947 S7 1 

' 

25324 0 

3947*11 ' 

2 

3947*48 


j 25327 1 

3945-22 ‘ 

2 

3945 47 : 


! 25339 5 

3945 00 

2 

3915 28 


25340 9 

3944 82 , 

1 



1 25342 1 

3944-11 

2 


1 

25340-7 

3943-43 . 

2 




26361 •() 

t3942-M 

0 

I 3912-92 



2535(i-H 

3941-40 

2 


. 


25304-1 

3940 98 

0 

3911-36 


25360-8 

3940-14 

1 


i 

25372-2 

3938-59 ; 

1 

i 

, 

I 25382 2 

3938-16 

1 


1 

' 25385-0 

3937 42 

4 


i 

1 25389-7 

3935-92 ' 

0 

3936 00 



25399-4 

3935-40 


1 

i 


25402-8 

3934-81 


1 




25400-(; 

3934-47 


] 


i 


25408-8 

3933-76 

329 

0 

3933 79 

0 86 



25413-4 

3933-01 ! 

1 




25418*2 

3932-71 ' 

2 




25420-3 

3931-22 ' 

2 




25429-8 

3930-37 

29-8 

8 

3930-44 

0-57 



25436-3 

3929-24 i 

2 

3939-31 



25444-0 

392817 

1 




22449-5 

3928-05 

27-3 

8 

3938*27 

0 75 


7-0 

25450-3 

3926-05 

4 



7-7 

25403-2 

3926-74 

4 




26466-2 

3926-31 : 

1 




26468-0 

3923-00 

22 0 

8 

3923 04 

1-00 



254830 
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Iron (Arc Svi:cTiiru)—co7ithivetl. 


IJfduction to 


Kayser and 

1 

Intensity 


DitU'rcnce 

Vacuum 

( 

Otcillation j 

KunK<’- 

1 Cornu 

and 

^41 III It 1 IMl 

' Howland 


— 

Ire'jucucy I 

(Kowland) 

1 

j 

Chamctci 


— Angstrom 

\ H- 

1 

A * 

in Vacuo 

:mvu 


1 





26493*8 1 

3920*93 


1 





55490*4 

3920*30 

18*4 

0 

3020*11 

1*96 



25500*2 I 

3919*18 


2 

3919 2H 




25507*8 ; 

8918*71 


4 

3!>18 82 




25510 7 1 

3918*49 

, 17*8 

4 


0*09 ! 


25512*3 

3917*29 


0 

3917 30 



25520*1 ; 

t391C 82 


(> 

3910*92 



25523*2 : 

3914 35 


1 

3914 55 

i 


25539 3 , 

3913*74 


4 

3913 87 


1*18 


25543*3 , 

3910*95 


2 



1*17 


25501*5 

3909 95 


4 

3910 14 

1 


26508*1 

3909*78 


1 

3909*89 

! 


25569*2 

3909 10 


1 

3909 50 



26671 7 

3908 02 


4 

3908*20 



25680 7 

3907*58 


1 

3907*75 



26583*0 

3900*84 


2 

3907 02 



25588*4 

3900 58 

05*9 

0 

3900*74 

0 08 


25590*1 

3905*04 


1 

faoon 87 



25690*3 

3904*00 


t; 

:1904 10 



25007*0 

3903 00 

01*9 

8 

3903*21 

1 10 


25613*2 

3902*43 


1 

3902 60 



25617 4 

3900*64 

! 

2 

39(K)*8t; 



26029*1 

3899*80 

98*1 

0 

3900*0 1 

1*10 


26634 6 

3899*13 


*> 




25639 0 

3898*73 


1 1 




25641*7 

3898 05 

, 97*0 

(> 

3898 32 

1 05 1 


25046*1 1 

t3897*54 


2 

3897*82 



25649 5 ! 

3895*75 

i 91 7 ' 

t; 1 

t3895*7S 

1*05 


25661*3 

3894*50 

1 ' 

1 




25069*1 . 

3894*09 

1 1 

2 




j 25072*2 

3893*47 

92 0 ' 

4 1 


0 87 


j 25676*3 

389300 


1 i 




25679*4 

3892*54 . 


1 t 




25682*5 

3892 02 


4 




25085*9 ; 

3890*94 

; 

4 




25693 0 , 

3890 49 


1 


i , 


25096 0 . 

3890*02 i 


1 




25699 1 

3888*92 

, 88 0 

4 


1 0*92 i 


25700*4 

3888 03 i 

87*4 j 

(» 1 


, J 23 


25708*3 

3887*17 j 

' 80*4 1 

() 


0*77 

; 

25717 9 

3886 38 

80 0 j 

0 


0*38 

! 

26723*2 

3885 01 1 

84 7 1 

4 


0 91 


25728*3 

3885*25 1 


1 




25730*7 

3884*46 1 


4 




25735 9 

3883*39 i 

1 

4 



1 

25743*0 

3882*11 


1 




25751*5 

3878*82 

80 3 

^ ! 


, -1*48 


25773*3 

3878 03 




! 


25774*0 j 

3878*12 

77*4 

8 ! 


- 0*72 

1 17 


26778*0 j 

3870*81 ! 


1 ' 


1 

MG 


26780*7 

3870*14 j 

1 

4 





25791*2 

3874*95 ' 

1 

1 





25799*1 

3874 65 j 


1 1 


, 


26801*7 i 

3874*18 1 

i 

1 ! 


i 


26804*2 
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EEPORT— 1891 . 


' Kayser and 
i Itunge { 
1 (Kowlaml) 


3873‘8S . 
3873-(;y ’ 
3873 01^ I 
! 3872-01 i 

387J-8(> ; 
3871-30 I 

3809 61) 1 
3808-71 
3808-37 
3808-03 
3807-33 i 
3805 05 
3804-42 : 
3861-10 
3803-87 j 
3801-09 ' 
3861-40 ; 
3800-03 I 
3859 3 ^ ' 
3850-19 
3850 00 ' 
3855" 15 
385 I 5 1 
3853-00 
3852-71 

! 3850 9«; 

! 3850-11 

3848-12 
■ 3810 90 

3810 55 

> 3810 18 

' 3845-8 1 

' 3815-58 

i 3815 30 

3814 08 
- 3843- 10 

t 3813-01 
3841 19 
3840 58 
3839-78 
3839 38 
3838-87 
3837-27 
3836 18 
3834-37 
3833-4 1 
3830-95 
3830-54 
3830-29 
8829-80 
8829-59 
3829-30 
3829-02 
3828-05 
^827-90 


Cornu 


71-3 
70 6 


0.5 5 
05 2 
01 8 


«)0 0 
59 3 


52 7 
51 8 
50-0 
19-7 

45 9 


110 


41-9 


40-5 
40 1 

38-5 


33 0 


27-7 


Iron (Arc Spectrum) — mntmued. 


! Intensity ii.^Uorand 
IchaTacte.' 

i i __ 

() 

1 

3 
8 

4 
1 
4 
1 
1 

0 

8 

1 

1 

4 

1 

4 

10 

0 

N 

1 

j 1 

I 1 
> 0 
i 0 
S 8 
1 

’ 0 

T 

1 
1 
1 
1 
0 
1 

I 8 

i « 

1 

i 0 

I 1 

I 

(1 

8 

4 

2 
1 
1 
2 
1 
1 
1 
1 
8 


Keduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


DitTcrence 
I Itowland i 
— Angstrom 


1-31 

1 20 


2-53 

2-13 

0-85 


0-80 

0-73 

O 79 


0 81 
0 90 
0-!)l 
O 90 
0-41 

j 1 00 


O 70 

150 I 1-16 

0-09 ; I -15 

0-18 ! 

0-88 I 


0 77 


026 


25S06 2 
25807-5 
25811-8 
258M-7 
25819 7 
25823-0 
7-7 25831-2 

7-8 I 25810-0 
i 25812-9 
1 25845-1 

j 25849-8 
i 25801-1 
I 2r)8(;9-3 
25871 0 
25873-0 
25887 6 
25889 1 
25898 7 
25903 1 
25922 5 
25925 8 
25929-5 
i 25935 8 
I 25912 0 
. 2r>947-9 
i 25959 7 
! 25905 5 

I 25970 9 
25980 7 
25989 5 
25992 0 
, 25994-3 

25996-1 
, 25998-)) 

20006 2 
20010-8 
I 20013 3 
: 20025 8 

' 20029 9 

j 20035-4 
! 20038-1 
I 20041-9 
i 20052- 1 
20057 8 
20072-1 
26078-4 
20095 6 
2()098-2 
20099-9 
20102-8 
20104-7 
20106-6 
26108-6 
20111-1 
20116-8 
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Iron (Arc Spectrum) — continued. 







Reduction to 


Kayser atul 


Inteusity 


Difference 

Vacuum 

Oscillation 

Kun/’i'O 

(Rowland) 

Cornu 

and 

Character 

Kcnipf 

R^owland 
— Angstrom 

A-f 

1 

A 

Frequency 
in Vacuo 

3827-72 


o 



1 7 8 ’ 

26117-4 

3826 91 ) 


1 


! 

1 7 9 : 

26122 3 

3826 01 

25 *:? 

8 


0-71 1 

' i 

26128-8 

382 r,-.Vl 


1 



' 1 

26132-2 

3824-08 

2 ( 1 

8 


0 48 

1 ! 

26138-8 

3824-24 


1 




26141-1 

3823 66 


1 




1 

26145*1 

3822-39 


1 




1 

26153-7 

3821-98 


2 




' 

26156*5 

3821-71 


] 


' 1 

i 

26158-4 

3821-32 


4 


j 

1 

26161-1 

L 3820 56 

19 7 

8 


0-86 


26166-3 

3819 75 

19 2 

1 


0-55 ' 


26171-8 

3818-77 


1 





26178-5 

3818-43 


1 





26180 9 

3817-84 


1 



1 

26184-9 

3817-11 


1 



1 

26189-9 

3816 IS 

1 6 9 

4 


- 0-12 

1 

26194-3 

3 Slo 97 

J 5-3 

8 1 

0 67 

1 

26197-9 

381 1 * 31 : 


1 1 


1 

26204-8 

3814 (;6 

1 1 0 

4 

0 6.6 

I 

26206*8 

3814 03 


2 


! 

26211*1 

3813 77 


2 ' 



26212 9 

3813 12 

12-6 

8 j 

0 52 


26217-3 

3812 03 


4 j 



26224-8 

! 3811-19 


1 



26230-6 

1 3810 89 


4 



26232 7 

; 3809-70 


2 I 



26210 9 

1 3809-20 


J ; 


i 

26244-3 

1 3808-86 


4 


1 

26246-7 

’ 3808-13 


1 1 


i 

26249-6 

' 3807 68 


4 




26254 -8 

: 3807-39 


1 




26256*8 

' 3806-8 4 


6 




26260-6 

■ 3806-36 

! 

2 




1 26263 9 

, 380()-12 


1 ‘ 




26265 6 

' 3805 82 


1 




! 26267-6 

3805-17 

i 05 0 

6 ! 

0-17 

1-15 


26270-1 

, 3804-15 

! 

1 1 


1-14 


26279 2 

! 3802-41 


- 





26291-2 

^ 3801-92 


1 





26294-6 

i 3801-81 

j 02-0 

4 


-019 



26295 3 

1 3801 54 

i 

1 





! 26297-2 

3801-15 







! 26299-9 

3799 68 

' 99- 1 

6 


0-28 



1 26310-1 

3798-65 

1 98-7 

6 


- 0-05 



26317*2 

3798-09 


I 





26321*1 

3797 65 

i 96 8 

6 


0-85 



26324*2 

3797-04 


1 





26328*4 

3796 67 


1 





26331*0 

8796-12 

1 

1 





26334 8 

3795-66 


1 





26338*0 

3795-13 

1 94-9 

8 


0-23 



26341*7 

379446 

93-3 

4 


1-10 



26346-3 

3793-99 ‘ 


1 




26349 6 
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KEPOBT — 1891. 


I 

KaTser and [ 
Kunge I 
(Rowland) I 


3793-60 j 
3793 48 1 
3792-96 I 
3792-62 
3792 28 ; 
3791-89 
379l*6.> ; 
3791-28 I 
3790-88 I 
3790 22 
3789-31 . 
3788-01 f 
3787 30 : 
3786-81 
3786 30 1 
3786 07 1 
3785 83 i 
3782-74 , 
3782-56 
3782-23 
3782-05 
3781-31 
3779 58 
3779-32 
3778 82 ! 
3778-63 ‘ 
3778-45 I 
3777-56 
3777-20 : 
3776 58 I 
3775 93 
3774-95 
3773-84 , 
3773-51 ; 
3770-43 ! 
3770-12 i 

3768- 15 j 
3767-31 
3766 74 

3766 19 

3765- 66 
3763 90 

3762- 30 ; 
3761 52 
3760-66 i 
3760-17 i 

3769- 30 i 
3758-36 

3767 60 
375706 

3766- 17 
3754-63 

3763- 74 
3763 27 ! 
3752 57 i 


Iron (Arc Spectrum)- eonfinucd. 


I 


Cornu 


Intensity 

and 

Character 


Milller and 
Kern I d’ 


92 7 
92'2 


90 5 
.S9 8 
87 1 

86 2 

85 4 


66 8 

65-0 

63-4 


57-7 


534 ! 

i 

i 

1 


1 

1 

1 

1 

2 

1 

1 

lu 

1 

(» 

4 

6 

1 

4 

4 

4 

1 

2 

1 

2 

4 

6 

1 

1 

4 

1 

2 

1 

4 

1 

1 

2 

T 

2 

2 

2 

8 

1 

1 

8 

8 

1 

1 

4 

4 

1 

8 

1 

2 

1 

1 

4 

1 

1 


! 


KVduction to 
Vacuum 


Oscillation 
F)e(juenc3' i 
m Vacuo I 


Di Horen CO 
Rowland 
— Angstmni 


-0-08 
0 08 


-0 28 
-0 49 
0-91 

0 t>2 

t) 67 


1 11 
; 1-13 

0-51 


()- 6 t) j 
0 50 j 


0-06 


i 

0 31 


1 26352-3 I 

26353-1 i 
26356 7 ; 
26359-1 
26361-5 
26364-2 
26365-8 
26368 4 
26371-2 
• 263758 ; 

: 26382 1 

, 26391 2 

26396 1 

7 9 26399 5 . 

8-0 26103 0 

26404 t‘> 
26406 3 
26127 9 
26429-1 
26431-4 
26432 7 
26437 9 
26449 9 
' 26451-8 

: 26454 0 

26456-6 
26457-9 
26464-1 
26466-0 
20471 0 
1 20175 5 

’ 20182-4 

‘ 26490-2 

26492 5 
2651 12 ‘ 

: 2651 <13 

26530 2 I 
I 26536-1 
I 26640-1 
I 26541-0 
; 26547-8 

: 26560-2 

! 26671 6 

I 26577-0 
26583-1 , 
26580-5 ; 
20592-7 ' 
26599-3 1 
20004-7 1 
20608-5 
20614-9 
26626-8 
26632-] 
26635-4 ' 
I 20640*1 
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JKON (Anc SPBCTRUM)--£?<?n?imW£<?. 


Kr> scr and 

i 1 

' Intensity i 

Run^e 

Curmi 1 

and 

(Rowland) 

C'hnraetei- 

j 

:i7r)l-97 

1 

J i 

.*’>749 r.i 

49 5 1 

8 

9749 ()() 

1 

*2 

9748 39 

48-2 1 

6 

t9747-()9 


1 

9746 56 

1 

1 

9715 95 

' 

6 

9745‘67 

45 5 ' 

8 

9744 21 

' 

2 

9719 58 

1 

4 

9749-45 

42 9 

6 

97‘42 77 


2 

374()-44 


2 

9740 22 

1 

1 

9799-79 


2 

9799-45 


L 

.‘1799 22 



979H- 1 1 



9797-27 

96 .5 ' 

s 

.■>795-45 


(i 

1 9795-00 

94 1 

s 

! 9799 46 

;;;; ‘j 


9792 5 1 

92 4 

6 

! 9791 51 


2 

; 9791 07 


2 

9790-59 


( 

■' 9728-81 


1 

' ^ 9727 78 

27-0 

6 

-'\9727 19 

26-7 

4 

, 9725 62 

t 

1 

9721 51 

24 1 ' 

6 

i 9722-69 

21-9 

<; 

1 9722-07 


1 

1 9721 69 

j 

2 

; 9721-57 


I 

1 9721 11 


1 

i :’.720 07 

19 7 

10 

1 9718 55 


4 

! 9716-59 

16 1 

r> 

9716 04 

15 5 

1 

3711 51 

, 

1 

9711-95 

1 , 

*> 

9709-79 

1 

1 

9709 66 


1 

9709 97 

! 09 0 i 

6 

9708-72 


1 

9708-09 

07-8 

6 

9707-79 


1 

9707-60 


1 

9707 IH 

07-5 

4 

9705 70 

05-5 

4 

9704-59 

09-7 

6 

:{7o:j-96 


2 

1 9709-89 


1 

9703-68 

03*2 

. 4 


Mullor and 
Keini>t 


'I 

Reduction to- { 


Diflerence | 

Vacuum j 

Iflcdla'ion 

b'rf(liu;ncy 

lU)wland, j 


r!. 

- Ani^stronij 

x + 

in Vacuo 




26614-7 

0-11 



26061-4 

26665-3 

0-19 


8 0 

26070 1 i 
26679 4 
26683-1 



8-1 

26687-4 

0 17 



26689-4 
26699 8 
26704-3 

0 55 



26705-2 
26710-1 
26726 7 
26728-3 
26731-8 
26733 8 
26735-4 
26741 0 

0-77 



26749-4 

26762-4 

OGO 



26765 7 

0-26 


1 

26776-7 

014 

1-13 

I 

26783 3 


1-12 


26790 9 
26793 9 
26797-7 
26810 1 

0 78 



26817-5 

0 4.1 



26822-2 

26833-1 

0-41 



26841*1 

0 79 



26854-2 

26858*7 

26861-4 

26862-3 

26863-4 

0-37 



26873-1 

26884*1 

0 19 



26898-3 

0 54 

1 


26902-:i 
26934-9 
26936 3 
26947-6 
26948-5 

0-37 



26950-7 

26955-4 

0-23 


8 1 

26960-4 
26962 6 
26963-5 

-0-32 


8-2 

269t)6-5 

0-20 



26977 2 

0-89 



26985-3 
26080-9 
26990 9 

0-48 



26902 0 
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BEPOKT— -ISOL 


Ikon (Akc Spectktjm) — continued. 


1 

Kayser .-ind j 

Kun};(' (’ornu 

(Kowlaml) 

! 

1 Inteusity 

1 .-nid 
Character 

dialler ami 
i Kempt* 

Difl’erence 
Rowland 
-- Angbtrom 

Reduction to 
A’^jieuuni 

! 1 

1 a” 

i ^ 

3702-09 ' 

1 ! 


i 

1 

3702 10 : 

2 i 



3701 20 00-8 

*'* ; 

0 10 

j 

3699-23 

1 i 



3698-73 

1 



3698-17 : 

' ^ 1 



3697-58 i 



M2 


3695-68 

* 1 1 


1*11 

! 

3695-18 

4 



1 ! 

3694-19 l»9-7 

6 


0 13 


3693-16 

1 



1 

3692-79 ' 

1 



! 

3691-49 

1 




3691-19 1 

1 




3690-86 * 

2 I 



3690-60 

1 


, 

3690-23 

J i 



3689 98 • 

1 ‘ 



3689 58 

4 1 


1 

3688-6.7 

1 




3687-77 : 87 2 

6 


0-.57 

1 

3687-58 1 

0 




3687-21 




i 

3686-65 

1 



' ; 

3686-40 > 

1 





3686-10 .S.7-.S 

0 


0-30 


1 

3684-24 1 85-0 

4 


0-76 


1 

3683-77 i ^<9'9 



013 



3683-18 1 

1 



1 

3682-35 1 SI -7 

6 


0-65 


3681-79 f 

1 


; 

3081*35 

1 [ 


1 

3680- IK) 

2 ’ 



3680-03 i 80-9 

4 1 

-0*27 

' 

3679-49 ! 

1 t 



3679- 1.'} 

J f 

1 


3678-99 i 

2 ^ 

1 


3677-70 77 0, 

^ ; 

0 16 


3677-0>0 ' 

1 

1 


3077-12 

o 



3677-03 

1 




3676-44 i 

4 




3675 29 ! 

1 




3674-89 1 

1 



i 

3674-5.7 

1 




3674-12 1 

1 



1 1 

3673-19 1 : 

1 




3672-85 

1 




3671-80 1 

1 





3671*64 ! 

1 





3670-95 ! 

1 





3670-20 j 

4 





3669-65 * 69 3 

6 


0*35 



3669-29 1 

o 





3669-01 , 

1 






(Xsoi nation 
Frequency 
in Vacuo* 


26n9‘)-6 
27()0:V1 
27010-1 
27024-4 
2702H 1 
270:V2 2 
270.' »<) o 
270.-)0- 1 
270.-) tl 
27001 S 
270()H-1) 
27071 0 
270SI-1 
2708:i-;{ 
2708.") .8 
27087 7 
27000 4 
270!12'2 

2700.7 2 
27102 0 
27108'5 
271()0-0 
27112() 
27110-7 
27118 
27120 7 
27i:U4 
27107 0 
271 12-2 
27118-4 
271.720 
271.7.7-7 
271.79-1 
27105 r> 
27109-;7 
27 I 72 1 
27170 2 
27182-9 
27189 1 
2718 1 8 
27187-7 
27 1 02 0 
27200-5 
27209 5 
27200-0 
27209-2 
27210-1 
27218-C 
27220-4 
27227 0 
27292-7 
272.S8 9 
27242 4 

2724.7 0 
272409 
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Iron (Arc Spectrum) 


Kayser and 
iKun^^e 
(Rowland) 

Cornu 

Intensity 

and 

Character 

Mailer and 
Kcmpf 

DiOerence 
Rowland 
— Angstrom 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

X + 

1 

3GG8-82 


1 1 


1 



27248 5 

:?6G8'G8 


1 I 





27249 6 

3G6S'35 


1 





27262-0 

36G8'11 


2 




8-2 

27263-8 

3GG7-45 


2 




83 

27268 6 

;iG66-9a 


1 





27262-0 

3066-41 


1 





27266 3 

3665-90 


1 





27270-1 

3665-33 


1 





27274 4 

3604-74 


2 





27278 8 

3664-10 


1 





27283-5 

3663-60 


1 


1 


27287-3 

3663-41 

62 4 

1 


1-01 



27288-7 

3663-04 

62-0 

1 


1-04 



27291-4 

3661-52 


1 





27302 8 

3661-08 


1 


' 


27306 0 

3660-53 


1 



Ml 


27310-1 

3659-65 

56-2 

6 


3 45 

110 


27316 7 

3658-68 


1 





27324 0 

3668-07 


1 





27328 5 

3667-66 


1 





27331-6 

3657-27 


1 





27334-5 

3656-37 


1 





27341-2 

3655-93 


1 





27314-5 

3655-60 


4 





27347-0 

3656-12 


1 





27350-6 

3654-83 

I 

1 





27352-7 

3664-11 

i 

1 





27358-1 

3663-90 


1 

1 




27369-7 

3651-61 

1 51-7 

6 


-0-09 



27376-9 

3650-61 

1 

1 





27384-2 

3660-42 

49-4 

4 


1-02 



27385-8 

3650-14 


2 

1 



27387-9 

3649-65 

48 6 

4 

1 05 



27391 •() 

3649-44 


1 





27393-2 

3647-99 

4G-9 

8 


109 



27404 0 

3647-57 


1 





27407-2 

3646-96 


4 





27419 3 

3646-63 


1 





27421-8 

3646-22 


1 





27424-9 

3644-97 


1 





27426-8 

3644-73 


1 





27428-6 

3643-80 


4 





27435-6 

3640-53 


6 





27460-2 

3638-44 

37-7 

4 


0-74 



27476-0 

3637-98 


1 





27479-5 

3637-39 


1 





27483-9 

3637-16 


In 





27485-7 

3636-73 


In 





27488-9 

3636-32 


2 





27492-0 

3636-39 


In 





27499-1 

3634-80 


1 





27503-5 

3634-48 

33-8 

4 


0-68 



27606-0 

3633-98 


1 





27409 7 

3633-16 


2 





27615-9 



208 


HEPORT — 1891. 
Iron (Arc Spectrum)— 


lied net ion to ! 


Kavsei- and 
llunse 
(Howland) 

Cornu 

1 

Int(.n.ityj m,,,].., an.l 

, ' Koinpf 

Charactei . 

36:52-71 

i 

I 

I 

1 , 

3632 20 


4 ! 

3631 (52 

30-9 

6n } 

3631-2:5 


4 ' 

36:i0 50 


4 : 

3628 97 


1 

3628 22 


1 

3627-91 


1 

3827 1 9 


1 

3626-64 


1 

3626-31 


1 

3625-30 

23-7 

4 

3624-95 


! 

3624- 16 


1 

362:5-94 


1 

3623-58 


1 

3623-33 

22 7 

(5 

3622 15 

21 0 

(5 

3(521-87 


1 

3621-151 

20 6 

(5 

3621 21 


J 

3620 (52 


1 

;1(520;57 


1 

:5619 89 


1 

;3(519 51 


1 

:5618 92 ! 

17'8 

s 

.'5618 51 


2 

3617-91 

; 16 9 

(5 

:4017 47 ; 


1 

:i(517 23 1 

j 

1 

3616 7(5 1 


1 

3616 16 


i 

3(51(5-29 1 


1 

3615-80 i 


1 

361.5-41 ! 

j 

1 

3614 78 


1 ‘ 

3(514-26 . 


I 

3613 75 ’ 

! 

1 

;56l3-.58 , 

1 

I 

! :56 1 3 2() 


1 

361310 

! I 

1 

3612 25 

' 1 


3610 8(5 


1 

3610 29 

. 09 7 

6 

3608 99 

0S*3 

8 i 

3608 55:5 


1 

:5607 72 


1 

360(5 8:5 

! 06-0 

6 

3(50(5-05 


i 1 

3605 (52 

1 04 6 

6 

36(*l-88 

i 

1 

3H04-.5i 

5 

1 

3(504-29 

1 

1 

3603-98 

1 

1 

3603-83 


1 


t 

IMfterence 

V acuuni i 

Oscillation j 

Howland j 

' 

I'reqnfncy 

j - An*^ Strom 

' 1 A 

in Vacuo 

! 

1 1 

27619-4 

27623-2 

j 0 72 


27527-6 
27630 6 ; 


8-:5 

275:56-1 1 


8 1 

27517-6 

1 

i 


275.53-3 
27565-7 
2756 1-2 
27566 3 



27567-8 1 

1 (50 


2757r)‘.5 1 
i 27578-2 { 
27581 9 1 
S 27585-9 > 
27588-6 

, 0 (5:5 

1-1(( 

( 27690-5 j 

1 15 

1 09 1 

1 27599-.5 

i 27(501-6 1 

1-01 


1 27(50:5-6 
. 2760(5- 1 
' 2761 1-2 



27613-1 
27616 7 
, 27619-1 

1 12 


27(521-1 ! 
27627-0 

101 


276:51 6 


27<>:i5 2 
27(5371 
> 27(5(0 7 ‘ 

! 27(512-0 1 

I 27(544-2 I 
27fi‘48-0 j 
27(551 (5 i 
27(555-8 , 
27659 H : 

, 276(5:5 7 I 

27665-0 
27667-4 
27(568 7 

1 ' 27675-2 ! 

. 27685-8 > 

0 59 27690-2 I 

i 0 69 : 1 1 27700 2 I 

1 1 27706-H I 

1 27709 9 

! 0-83 1 27716-8 

I 27722-8 

! 102 i 27726-1 

: j 27731-8 

i 27734-4 

J I 27736*3 

I ; 27738-7 

j 27739-9 
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Knvscr and j 
(Rowland) 


3603-71 

3603-59 

3603-31 

3602-64 

3602 23 

3599-77 

3599-30 

3599-12 

3598 85 

3597-84 

3597-22 

3596-35 

3596-03 I 

3595-78 

3595-43 

3594 71 

3593 62 

3593-46 

3592 97 

3592 83 

3592 61 

3592 13 

3591-48 

3591-13 

3590 so 

3590 21 

3589-73 

3589 58 

3589-25 

3589 05 

3588 75 

3587-87 

3587 55 

3587-34 

3587 10 

3586 62 

3586-24 

3585-84 

3585-43 ! 


3585 33 
3585-08 
3584-78 
3583-74 
3583-45 
3582-76 
3582-32 
3581-94 
3581-73 
N 3681*32 
3678-80 
3678-49 
3678-03 
3676-89 
3676-11 
3676-49 


1801. 


Cornu 

02-1 

01-8 

91-0 


86-2 

84 9 

84-1 

80-6 


Ibon (Arc Spectrum)— 





Reduction to 

j 

Intensity 


Difference 

Vacuum 

Oscillation 

and 

Character 

Kenipf 

Rowland 
— Angstrom 

A + 

1_ 

frequency 
in Vacuo 

1 


! 



27740-8 

1 





27741-7 

4 


] 24 ; 



27743-6 

2 


0-84 1 



27749 0 

1 

1 ; 



2 i t o2*2 

2 





27771-3 

1 





27774-8 

1 

1 



27776-2 

1 




27778-3 

1 




27786-2 

2 




27790-8 

2 




27797 6 

L 




27800-0 

1 

[ 


27802-0 

1 

1 


27804-7 

6 

0 71 


27810-2 

1 

' 


27818-7 

1 



27819 9 

i 1 



27823-7 i 

1 1 



27824-8 j 

; 1 


1 

27826-5 , 

1 1 

1 1 



84 

27830-2 ! 



. 8 5 

27835-2 ! 

1 1 



27837-9 I 

I 1 



27840 4 

1 

i 1 


j 

1 

27845-0 
27848-7 1 

2 


1 

27849 9 I 

4 


i 

27852-5 ' 

1 


' 

27354 0 

i 2 



27856-3 

1 2 

' 


' 2786:5 2 

i 2 
' 1 

1 


1 27865 7 

i 27867-3 i 

' 8 

: 0 90 


27869-2 

1 

i 

1-09 

27S72-9 

1 6 


1-08 

! 27875-8 i 

; 4 



t : 27879-0 ; 

4 

0-53 


I 2788-2 1 

2 



1 27882-9 

; 4 



27884-9 

i 6 

t>-68 

i 

27887-2 

1 1 

1 


27895-3 

2 

1 


27897-6 

1 



i 

27902 9 

1 4 


i 


27906-4 

1 1 


1 

1 

27909 3 

1 

1 


27911-0 

10 

1 0 72 


27914-2 

2 

1 


27933 8 

1 

1 


27936-2 

2 

1 


27939-8 

2 


' 

27948-7 

1 



27964-8 

4 

1 

1 

27959-7 


1 ’ 
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BSFOBX — J891. 


Ibon (Arc Spectrum)— 


K^'ser and 
Kunge 
(Rowland) 


j Intensity 
Cornu j and 

I (Character 


Mtiller and 
Kempf 


a575a7 
8575-22 
8574-00 
3573-52 
3272-79 
3572-12 
3571-34 , 
3570-45 
3570-23 
3569-GO 
85G9-09 
I 35G8-94 
I 35G8-53 
: 3567-52 
1 3567-15 

3566-70 
! 3566-46 
3565-72 
3565-50 
3564-61 
3564-22 
3560-81 
3559-62 
3559-39 
3559-18 
' 3558-62 ; 

I 3556-99 ; 
3555-04 1 
355462 
3554-24 
3653-84 
3563-58 
355329 
3552-95 
3552-68 
3552-24 
t3549-97 
3548-13 
’ 3547-89 
■ 8547-31 

: 3546-29 
i 3546-95 
3645-74 
3544-74 
3543-78 
3643-63 
3642-37 
3542-20 
3541-22 
3540-82 
f3640-24 
3538-87 
3638-68 
3538-48 
' 3538-01 I 


i 0 
' 1 
6 
2 
4 

68-9 : 10 

1 

1 

i 1 

2 

1 

2 

, 4 

64-1 : 10 

i i 

I 


I 

58 1 
56-0 

54-0 10 

1 
1 
4 
I 
1 

4 

I 


2 

•» 

1 

I 

6 

I 2 

! 

1 

41-5 , 6 

40 1 ! 6 

39 2 ' 2 

0 

' I 

1 
1 
4 


Difference 
Rowland 
— Angstrdiu 


1-33 


1-40 


' 0-62 j 

‘ 0*99 i 

' 1 04 1 


0- 70 
M2 

1- 62 


Reduction to 
Vacuum 



I 


1 


8-5 
i 8-6 


1-08 

1-07 


Oscillatiou 
Frequency 
in Vacuo 


27960'G 
279G1-8 
27971-3 
27975-1 
27980-8 
27986-1 
27992-2 
27999-2 
28000-9 
28005-8 
28009-8 
28011-0 
28014-2 
28022-2 
28025-1 
28028-6 
28030-5 
28036-3 
28038 0 
28045-1 
28048-1 
28076-0 
28084-4 
2808G-2 
28087-9 
28092-3 
28105-2 
28120 6 
28123-9 
28126-9 
28130-0 
28132-0 
28134-3 
28137-0 
28140-1 
28142-6 
28160-6 
281753 
28177-2 
28181-8 
28189 9 
28192-6 
28194-3 
28202-2 
28209-8 
28211-8 
28221-1 
28222-4 
28230-3 
28233-4 
28238-1 
28249 0 
28250-5 
28252*1 
28255-9 



ON WAYB-LENGTH TABLES OF 


THE SPECTBA OP THE ELEMENTS* Slt 


IBON (ABC SPRCTRtTM)— 


Kavser and 


Intensity 

fiunge 

Cornu 

and 

(Rowland) 


Character 

3537-84 


4 

3537-60 


2 

3636-66 

36-4 

6 

3536-01 


1 

3534-63 


1 

3533-30 


6 

3633-08 


4 

3532-71 


1 

3632-17 


1 

3531-90 


1 

3631-56 


1 

3630-48 


2 

3529-90 


4 

3629-63 


1 

3529-44 


1 

3527-90 

27 0 

6 

3526-76 


4 

3526-51 

25 7 

6 

3526-25 


6 

3526-08 


2 

3526-97 


1 

3524-62 


2 

3524-34 



3524-15 


2 

3523-38 


1 

3522 97 


1 

3522-37 


2 

3521-93 


2 

3521-30 

206 

8 

3520 95 


1 

3520-14 


1 

3.518 96 


2 

3518-80 


1 

3517*19 


1 . 

3516-66 


1 ! 

3516-50 


^ 1 

3515 39 


1 ! 

3515-16 


2 i 

3514-72 


1 I 

1 3513 91 

13-7 

8 ! 

i 3513-16 


1 1 

3513-05 


1 

3512-78 


1 

3512-30 


1 

3611-80 


1 

3611-49 


1 

j 3510-76 


] I 

i 3610-52 


4 1 

3510-43 


1 I 

3609-95 


2 1 

3509-23 


1 1 

3508-58 


^ 1 

3507-23 


1 

1 3506-59 

05-8 

4 1 

3506*39 


1 1 


Miillt't and 
Kempf 


Difference 

Rowland 

-Angstriim 


Reduction to 
Vacuum 



Oscillation 
Frequency 
in V acuo 


28257-2 


28259-2 


0-90 

0-81 


28266-7 
28279-9 
28282-9 
28293-6 
28295-3 
28298-3 
28302-6 
28304-8 
28307-6 
1 283J6-2 
28320-8 
28323-0 
28324-5 
28336-9 
28346 0 
28348-0 
1 28350-1 
j 28351-6 


28352-4 

28363-2 


28365-5 

28367-0 

28373-2 


0-76 


t 

1 


<F21 


0’79 


8-6 

8-7 


1-07 

1-06 


28376-5 

28381-4 

28384-9 

28389-5 

28392-8 

28399-4 

28408-9 

28410-2 

28423-2 

28427-4 

28428-7 

28437-6 

28439-6 

28443-1 

28449-6 

28455-8 

28456-6 

28458-8 

28462-7 

28466-7 

284G9-2 

28475-2 

28477-1 

28477-8 

28481-7 

28487-6 

28492-9 

28503-8 

28509-0 

28510-7 
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IBON (Ahc ^TiacTUVU)-— continued. 





1 

Reduction to 


Kavser and 

ftuDsc 1 Cornu 
(Rowland) 

Intensity 

MiUler and ! 

Vacuum 

Oscillation 
Frequency 
in Vacuo 

and 

Character 

Rowland 


1 

3506- ir> 


2 




28520-7 

3504-95 


2 




28522-4 

3504-52 


1 

' 



28526-9 

3502-35 


1 




28543-6 

3500-G4 

01-8 

4 

-1 1(5 



28557-5 

3498-84 


1 




28672-2 

3497-92 

96-8 

6 

1 12 



28678-7 

3497-20 

95-9 

6 

3-30 



28586-6 

349(5 27 


1 

, 



28693-2 

3495-9G 


1 




28695-7 

3495 37 

94 5 

4 

0 87 



28600-6 

3494-7(1 


1 




28605-6 

3494-24 


1 




28609-8 

3493-78 


2 

' 



286136 

3493 37 


1 




28617 0 

3493-04 



1 



28(519-7 

3492-68 


1 

; 



28622-6 

3490 (55 

91-9 

8 

; -1-2.5 1 


28(539 3 

3489 74 

89-8 

6 

i -0 0(5 j 


28646-7 

3489-49 

88-9 

1 

; 0 50 1 


28648 8 

3486 63 

88-0 

1 



28672-3 

3485 42 

85-4 

4 

0-02 i 


28682 2 

3485-00 


1 

' 


28685 2 

3484-92 


1 

1 


28(586-4 

3483-91 


1 



28694-7 

3483-09 


2 ' 

; 


28701 4 

3482-23 


! 1 ' 



28708-5 

3481-87 


! 1 

' 


28711 5 

3 48 1 -04 


' 1 


1 

28713-4 

3480 45 


1 


8 8 

28723-1 

3479-73 


1 


28729-1 

3478-69 


2 


28737-6 

3477-03 1 


2 


) 00 

28743 9 

3477 09 ; 


1 


1 0.5 


28750 8 

3476 93 


4 



287.52-2 

3470-75 

761 

8 

' 0 65 


28753 7 

347(5-39 


1 



2875(5 7 

347(5 IT 


1 




28758-5 

3475 95 1 


1 




287(50-3 

3475-7-2 1 


4 i 

1 



28762-2 

3475 52 

749 

S 1 

, 0-62 



287(53-9 

3474-51 


2 1 




28772-2 

3474-14 


1 ! 




28775-3 

3473-78 


1 j 

' 



28778 .3 

3473-59 ' 


1 




28779-9 

3473 39 ; 


1 ! 

j 



28781-5 

3472-Gl 


1 




28788-0 

3472-29 


In 




28790*6 

3472-06 


lu 1 




28792-6 

3471-40 

70-4 

8 

1-00 



28798-0 

3470-78 

j 

1 




28803-2 

3469-91 

j 

4 




28810-4 

3469-70 


1 




28812-1 

3469-49 


1 , 

I 



28813-9 

3460 09 


2 

i 



28817-2 
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InoN (Arc Spectrum)— mefmwer?. 


Kayser and 

Cornu 

Inlcnsity j Myner And 

Difference 

Kcduction to 
Vacuum 

Kuntjo 

(Kowlaud) 

„ Kempf 

Cliaracter ■ 

F^nwland 

-Angstrom 

A.+ 

1 

A"* 

3468*92 

i 

4 i 




3466-98 

i 

2 

, 



3460-67 

1 

4 



3166-95 

66-5 

1(1 

0 45 ; 

3164-98 

1 

1 

, ■ 

3464-16 


In 

i 1 


3163-39 


1 



3462-87 



t 1 

3462 43 


2 i 

i t 

3461-73 


2 ' 

! , 


3161-16 


In 



3460 40 


1 

. .0 1 


3160 02 

61 5 

{•* 

-1 18 1 I 


3159-83 


1 



3459-51 


2 



3458-65 


2 


1 

3458-39 

57-8 

4 

0*59 



3457 53 


1 j 




3457-15 


In 



3456-32 


In 

I 


3455 41 


In 



3164-26 


1 



3453 60 


1 



3453 10 

63 2 

4 

-0 I 


3152 35 


i 

. 


3451-99 

' 

!; 

t 

3451 71 ' 

1 



3450 41 


1 


3447-37 

I 45 7 

1 C* ' 

I 67 

3147 00 


1 ' 


34 16 86 


1 I , ; 


3416 3 4 


2 


;M45-87 


! In 

1 


314iV2-2 

' 14-4 

8 

0-82 1 

8 8 

3413 96 

13 0 

10 

0 9(» 


8 9 

3443 30 


In 




3443-03 


In 




i 3442 75 


1 




i 3112 14 

40 8 


1 61 



3442 07 


1 1 1 


1-05 


0 3441-07 

39 9 

1 K) j 

1 17 

1-04 


j 3140 69 

39 6 


1 09 



3139 93 


1 2n 




1 343909 


In 




1 3438-36 

1 

In 1 




3438 02 


2 1 




3437-68 


In 


i 

1 


3437-37 


In 


l 


3437-11 


2n ' 




3436-06 


In ' 




3433-64 


4 


! 

1 

3433 09 


1 


1 

■ \ 

3431-90 


4 

i 

3428-81 

1 

In ' 


3428-26 

1 

6 t 



Oscillation 
Frequency 
in. Vacuo 


28818-6 
28834:-7 
28838-2 
28843-3 
28851-4 
28858-2 
28864-6 
288630 
28872'C 
28878-5 
28883 3 
I 28889-6 
1 28892-8 
1 28894-3 

! 28897-0 
28905-0 
28906-4 
28913-6 
2891G-8 
28923-7 
! 28931-3 
; 28941-0 

i 28916-5 
1 28950-7 
J 28957-0 
1 28960-0 
i 289G2-3 
I 28973-3 
: 28998-8 
; 29001-9 

: 29003 I 
1 29007-5 
I 29011-4 
j 29016-9 
I 29027-1 
29033-0 
2iK^35-3 
29037-6 
29040-3 
29013-4 
29051-8 
29055-0 
29061-6 
29Ot)8-0 
I 29074-7 
i 29077-6 
; 21K)80-5 

! 29083-1 

i 29086-3 
29094-2 
29114-7 
291 19-4 
! 29129-5 

29155*7 
29160 4 
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BBPOBT — 1891. 


IBON (Arc SPBCTRVliy-DimiinueJ. 


Kavser and 
llunge 
(Rowland) 

j 

1 Cornu 

1 

Intensity 

and 

Charactei 

Mailer and 
Kempf 

PiHei*ence 

Rowland 

—Angstrom 

lleduc 

Vac 

A + 

tion to 
uum 

1 

A 

Oscillation I 
Frequency j 
in Vacuo j 

3427*21 

; 26*7 

8 

1 oni i 


29169-3 1 

3426*71 


6 

1 1 

1 { 


29173*6 ; 

3426*44 

25*4 

6 

1*04 : 


29175-9 : 

3425*08 

24*8 

6 

0-28 


29187 5 ! 

3424*36 

22*8 

10 

! i*:>6 j 


29193-7 

342379 


1 

1 ' 


29198*5 

3422 69 

20-9 

10 

i i To i 


29207*9 - 

3419*76 


4 

1 


29232*9 

3419*25 


1 

! 



29237*3 , 

8418*91 


1 




29240*2 

3418*58 

16*0 

8 

. 2 58 



29243*0 

3418*28 


1 

1 



29245*6 

3417*92 

15*5 

8 

1 2 42 



29248*7 

3417*30 


1 

i 



29254-0 1 

3416*65 


1 

i 



29259-5 

3416*30 


1 

5 


29262-5 

3415*61 


6 

1 


t 29268*4 

3414*83 


4 



1 29275 1 

3413*22 

11*8 

10 

; 1*42 


1 29288*9 ; 

3412*43 


1 

1 



29295-7 

3411*43 


4 




29304-3 

3411*22 


1 




29306-1 

3410*98 


1 




29308-2 

3410*26 


6 




29314 1 

3401122 


2 



89 

29323-3 

3408*52 i 


1 



90 

29329 2 

3407 55 

06 1 

10 

1 1-45 



29337*6 

340<i*8S 1 


6 




29343*4 

t3406*50 ! 


2 


> 

29346*6 

3405*89 ’ 


2 


1 

29351*9 

3405*65 ! 


1 

; 


29354*0 

3405*45 , 


1 

1 


I 29355-7 

3405*24 ; 


1 

i 


1 29357*5 

3404*75 ! 


1 



! 29361*7 

3404*41 ! 

(XU 

10 

1 3-31 

1*04 

j 29364*7 

3403*39 i 


2 

) 

1*03 

1 29373*5 

3402*33 


6 



i 29382*6 

3401*60 i 


6 

' 


i 29388-9 

3400*50 • 


1 

• 


! 29398*4 

3399*39 

97'6 

10 

! 1*79 


i 29408-0 

3398*29 


1 




29417*6 

3397*68 


2 




29422*8 ' 

3397*06 


4 




29428*3 

3396*13 


1 




29436*3 

3394*66 j 


6 




59449*1 ' 

8394*13 1 


2 




29453*6 ; 

3393 72 


1 




29467*2 ! 

3393*46 


1 

’ 



69459*4 

3393*07 ! 


1 



1 29462*8 

3392*74 i 

910 

8 

1 74 


29465*7 

3392*37 j 


4 

I 


1 29468*9 

8302*12 1 


2 



! 29471*1 

3891*21 1 


1 



: 29479*0 : 

3390*61 ! 


1 



! 29484*2 

3389*83 


2 

, 

j 

, 29491*0 , 
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Iron (Arc Spectrum)— 






1 Reduction to 


Kayser and 

Cornu 

Intenrity 

HiUler end 

Difference 
IJowl/ind 
— Angntriim 

V aeuum 

Oscillation 
Frequeiun* j 
in Vacuui j 

1 

Kunge 

(Rt»wland) 

and 

CharA<*ter 

Kcmpf 


1 

A 

3H8901 


1 


i 

29498*1 

3388-84 


1 


1 1 

29499*6 

3387*48 


4 



29511 5 

3385*68 


2 


i i 

29628*0 

3386*02 


1 


1 


29632*9 

3384*05 


8 


i 


29641*4 

3383*80 


4 





29543*6 

3382*48 


4 





29666*] 

3381*42 


2 





29B64‘4 

3380*62 


2 





29671*4 

3380*17 


« 





29075*3 

3379*11 


6 





29584*6 

3378*77 


6 





29587*6 

3378*06 


1 





29593*8 

3376*58 


2 





29606*8 

3376*64 


1 





29616*0 

3374*58 


1 





29624*3 

3374*01 


i 




9*0 

29629*3 

3372*90 


1 




9*1 

29639*0 

3372*18 


4 





29645*3 

3370*87 


10 





29666*8 

3309*62 


8 




29607*8 

3808*16 


1 



1 03 


29680*7 

3366*88 


6 



1 02 


29692*0 

3304*66 


1 





29711*6 

3304*34 


1 





1 29714*4 

3303*77 


1 





1 29719*4 

3363*63 


1 





29720*7 

3362*37 


1 





29731*8 

3302*09 


1 





29734*3 

3361*03 


1 


: 


29743*7 

3369*84 


1 





29764*2 

3369*65 


1 





29760*8 

3368*41 


1 





29766*9 

336(»*44 


4 





29784*4 

3366*27 


6 





29794*8 

3364*16 


4 





29804*6 

3363*42 


1 





29811*2 

3353*10 


1 





29814*0 

3361*86 


4 





29825*2 

3361 *66 


2 





29826*9 

3360*46 


1 





29837*6 

3348*03 


6 





29869*2 

3347*03 


2 





29868*1 

3345*12 


1 





29886*2 

3343*83 


1 





29896*7 

3343*29 


J 





29901-6 

3342*36 


6) 





29910*0 

3342*01 


4 





29913*0 

3341*01 


1 





29922*0 

3340*64 


(i ' 





29925*3 

3339*70 


2 I 





29933-7 

3339*24 


i 2 




9*1 

29937-8 

8338*76 


1 




9 2 

29942*0 

3337*73 


1 ♦> 




1 29961*3 
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lUlPORT— 1891. 
Iron (Arc Spectrum)— 



Oscillation 
Freqneu^'y 
m Vacuo 


I 21>;)r>4‘l 
' 2t>lM)8-2 

21)982-() 

; :u)006-l 
30017-5 
:40024-l 
30020 8 
,30CI42*5 
300G0 0 
30069-4 
30070-6 
30087-3 
30103-5 
30108 0 
30117-2 
3013i)-3 
30142-2 
30140-0 
:U)158-0 
30100 3 
' 30103 5 1 
3010G-0 I 
30170-0 I 
30180 4 i 
, 30101-1 

: 30107-4 
30212 4 
i 30221-7 
1 30220 7 

, 30228-2 

30234 3 
30238 0 
, 30215-4 
I :i02r>3 0 
' 30259 0 

30207-4 
1 30275-2 

:i028l-3 
30287 4 
30297 3 
30301 0 
30305 0 
! 30309-8 

, 30322-1 

; 30325-3 

] 3033 1 ! 

I 30338-0 
! 30350-0 

3()360-0 
30300 2 
30375-7 
30377-9 
30385-6 
30300-4 
30394-7 
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Iron (Arc SPECTJiUM')--oontimied, 







Reduction to 


Kavser and 


Intensity 


Difference 

Vacuum 

Oscillation 

Range 

Cornu 

and 

Kemi)f 

l^owland 



F requency 

(Rowland) 


Character 

— Angstrom 

A + 

1_ 

in Vacuo 







\ 


32H8-77 


1 





30397-2 

3288-14 


J 





30403 0 

3:87-05) 


2 





30412 7 

Q 3280-87 

84-8 

10 1 

2-07 



30414 8 

3286-11 

84-G 

1 1 

1-51 



30421-8 

3285-50 


2 1 




30427-5 

3285-33 


1 1 




304290 

3284-71 

83-4 


1-31 



30430-2 

3283-04 


1 1 




30444 T 

3283 00 

82 7 

4 ( 

0 30 



30450-6 

3282-40 


1 1 




30450-2 

3281-95 


1 i 




30400-4 

3281-40 

' 1 




30405-5 

3280-37 

: R 




30476 1 

3279 87 





30479-7 

3278-83 

! o 1 




30489-4 

3277-42 

! 1 I 




30502-5 

3270-55 

‘j 




30510-0 

3275-84 

. i : 




30517-2 

3274 53 

1 




30529*4 

3271 05 

72 2 

S 

1 85 



30533 9 

3272 75 

1 




30546-0 

3271-75 

2 , 




30655-4 

3271-58 

2 i 




30667-0 

3271-12 

09 3 

8 ! 

1 82 


9 3 

30501 3 

3270 08 1 

' 1 1 

! 


9-1 

:K)5 70-9 

3209- 10 

. 1 ! 

I 



30577-2 

3208-33 

4 ; 




30687-3 

3205-73 

03 9 

S ; 

1 -83 



30611 0 

3205 15 

' 4 1 




30017 1 

3204-80 

; In t 




30020-3 

3204-00 

> 4 




30622-2 

3203-40 

1 V ; 

1 - 1 

j 



30632-9 

3203-05 

i I * 

1 



30030-8 

3202-40 





30042-9 

3202-10 

1 




:i0046-7 

3201-41 

1 2 : 




30652-2 

3200 32 

1 2 1 




30602-4 

320)0-09 

4 ' 




30664-0 

3259-15 

1 


1-00 


30673-4 

3258-5() ; 

1 

1 

0-99 


30679-0 

3257-09 ! 

. 0 

i 



30687-2 

3257-33 1 

o 

i 



30090-0 

3250-80 1 

1 

i 



30695-0 

3250-20 1 

1 

1 



30701-2 

3255-97 1 

1 

1 



30703*4 

3254-79 ! 

1 

i 



30714*5 

1 3254-47 

52-4 

8 

; 2-1 7 



30717-0 

3254-03 

1 




30721-7 

3253-70 


2 

1 



30724-8 

3253-00 


2 




30731-4 

3252-55 


2 

, 



30735-7 

3251 ;u 


0 




30747-4 

3250-75 


*> 

1 



30752-7 

3250 50 

: 1 




30755-1 
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BEPOBT — 1891. 


Iron (Abc SFEOrnvM)— continued. 


Kaysor and 
KuDge 
(Rowland) 

Cornu 

Intensity 

and 

Character 

1 

Kempf Angstriim 

- - - -i 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

_ 

1- 

\ 

3249*94 


1 




30760*4 

3249*27 


1 




30766*7 

3248 63 


1 




30773*8 

3248*31 

46 8 

6 

1*51 



30775*8 

3247*70 

46 1 

4 

, 1*(>0 



30781-6 

3247*39 


4 




30784*(> 

3247*08 


2 




3U < S < ‘5 

8246*65 


1 




30792*5 

3246 09 


4 




30796-9 

3246*59 


1 



1 30801*6 

3246*35 


1 



30803*9 

3244-97 


1 



30807*5 

3244*27 

42*8 

8 

1*47 


! 30814*2 

3243*94 


1 



: 30817 3 

3243*60 


1 



30821*6 

3243*22 


1 

i 


30824*2 

3242-35 


1 

i 


: 30832*4 

3241*54 


1 



30840*1 

3240*59 


1 



: 30819*2 

3239*53 

38*9 

8 

! 0 63 



30859*3 i 


38*7 


, : 



323907 

37*8 

1 

, 1-27 ; 


30863*7 1 

3238*60 


1 



30868-1 1 

3237*92 


1 

1 1 
j 


30874 6 , 

3237*43 


1 



30879*3 i 

3236*88 


2 



9 1 

30884*5 

3236*31 

34*3 

4 

1 2 01 


0 5 

30889*9 ! 

3235*66 


1 




30896*1 

3234*71 


2 

, 



30905*2 

3234*07 

32*3 

6 

1*7 1 



30911*3 

3233*14 


4 

■ 


30920*2 

323242 


1 



30927*1 

3231 72 


1 



30933*8 

3231*05 


6 



30940*2 

3230*80 


1 

1 


30942 6 

3230*29 


4 

i 

! 30947*5 

3230*01 


2 


' 30950*1 

3229*64 


1 


' 30953*7 

3229-19 


2 


30958*0 

3228*97 


2 


! 30960*1 

^228*64 


1 

‘ 

! 30963-3 

3228*36 


4 


1 30966*0 

3228-11 


2 

; 

0*99 

1 30968*4 

3227*88 

26*5 

6 


1*38 

0*08 

‘ 30970*6 

3227 17 


2 



1 

30077*4 

3226-86 


1 




30980*4 

3225*90 

24*4 

10 


1*50 

: 

1 30989*6 

3224*98 


i 1 





30998*4 

3224*27 i 


1 


1 


31005-3 

3223*89 I 


1 




31008*9 

322331 


1 

1 


31014*5 

3222*12 

21*0 

10 


1*12 


31026-0 

3219*92 

18*7 

8 


1*22 


31047*2 

3219*67 


8 




31049*6 

3218*60 


1 

1 


31059*0 
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Ikon (Arc Spectrum) — continued. 


Kayser and 
Range 
(Rowland) 

Cornu 

3217*49 


3216*03 


3215*49 


3214*48 


3214*14 

12 3 

3213*43 


3212*08 

10*8 

3211*77 

10*5 

3211*63 


3210*92 

09*8 

3210*36 

09*3 

:{209-45 


3208*60 


3207*22 


3205*45 

04*3 

3204*16 


3203*14 


3202*65 


3201*52 


3200*81 


3200*58 

j 99*7 

3199*62 

1 98*8 

3198 38 


3197*67 


3107*04 

96*3 

3196*24 


3195*35 


3194*73 


3194*52 


3193*92 


3193*37 

92 7 

3192*93 

92*3 

3192*66 


3191*77 


3191*22 


3190 80 


3 190* 13 


3188*96 


3188*67 


3188*14 


3187*70 


3187*35 


3186*83 


3185*72 


3185*34 


3186*00 


3184*73 


3184*24 


3183-67 


3183*11 


3182*13 


3181*97 


3181*60 


3180*86 


R 3180*30 

70*8 


Intensity 

Ch."L‘‘cterl Kempf 


8 

8 

1 

2 

8 

] 

6 

2 

2 

4 

4 

4 

4 

2 

8 

1 

1 

2 

1 

1 

8 

8 

In 

In 

8 

2 

1 
1 
1 
1 
G 
6 
1 
6 
1 
1 
1 
4 
4 

2 
1 

2n 

2 

1 

1 

4 

1 

1 

1 

4 

2 

4 

4 

4 

10 


Difference 

Kowland 

—Angstrom 


Reduction to 
Vacuum 



Oscillation 
Frequency 
in V acuo 


1-04 

1-28 

1-27 

112 

1-05 

115 


0-88 

0-82 


0'74 


0G7 

0*63 


0-50 


81070*6 
31084*7 
31090*0 
31099*7 
31103 0 
31100*9 
31123*0 
31120*0 
31127*3 
31134*2 
31139*7 
31148*6 
31156*7 
31170*1 
31187*4 
31190*0 
31209*9 
31214*6 
31225*6 
31232*5 
31234*7 
31244*1 
31266*2 
31263*2 
31269*3 
31277*2 
31285*9 
31291*9 
I 31294*0 
31299*9 
31305-3 
31309*6 
31312*2 
31321*0 
31326*4 
31330 6 
31337*1 
31348*6 
31361*4 
31366*6 
31361*0 
31364*4 
31369*6 
31380*5 
31384*2 
31387*6 
31390*2 
31396*1 
31400*7 
31406*2 
31416*9 
31417*5 
31421*1 
31428*6 
31434*0 


0*98 

0*97 


9*5 

9*C 
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REPORT — 1891. 


InoN (Arc Srectrum) — contimml. 



i ■ " ' "'i 

Rwlnction to 


Kayser and 

! Intensity 

Muller and ' l>i<lt‘rence 

Vacuum 

Oscillation 

liunpe 

Cornu 

and 

Aluiier.ina , 

1 , 

Frequency 

(Rowland) 


Character ' Angstrimi 

A+ - 

! ^ 

in Vacuo 

3179-61 


2 1 5 


31440-8 

3179-06 


1 ! 


31446-2 

3178-64 

1 1 


31450-4 

3178-08 

6 


31456-9 

3177-64 

; 1 


31460 3 

3177-09 

1 

! 1 

31465-7 

3176-44 

2 


31172-2 

3176-09 

1 

' i 1 

31475-7 

3176-63 

8 

' ' ! 

31481-2 

3175-18 

1 

’ 1 i 

31484-7 

3173-76 

! 4 

1 i 

31498-9 

3173-63 

1 

! . 1 

31601-1 

3172-14 

2 


31514-9 

3171-73 

1 1 

' ! 

31518 9 

3171-44 

' 0 

9 6 

31621 8 

3170-43 

2 

i 9 7 

31531-8 

3168-94 

, 4 

t 

31646-6 

3168-15 

1 


31554-6 

3167-07 

4 


31566-3 

3166-55 

; 6 


31570-4 

3165 97 

6 

’ i 

31576-2 

3165-11 

, 4 

’ ^ i 

31684-8 

3164-40 

1 


31501-9 

3163 95 

' 


31506-4 

3162-45 

•» 


31611-3 

3162-04 

60 9 

6 

1-14 


31615-4 

3161-44 

2 


31621 5 

3160-74 

M 


31628 6 

3160 37 

1 

; , 0-97 

31632 2 

3159-20 

1 

; 0-96 ' 

31643-9 

3159 08 

2 

! 

31 6 15-1 

3158-48 1 

i 

! 

31651-1 

3157 99 1 

57 4 

6 

1 0-59 


31656 0 

3157-15 

56*7 

8 

' 0 15 


31664-4 

3156-35 ! 

4 


31672-5 

3165-89 ! 

1 


31677-1 

3155-37 1 

o 

1 : 

31682-3 

3154 61 

2 

‘ 1 ' 

31680-0 

3154-29 ; 

1 

I 

31693 1 

3153-85 i 

I 

i 

, 31697-6 

3153 31 

<; 

, 

31703-0 

3151-95 ' 

1 

1 

31716-7 

3151-42 

h 


31722 0 

3160 35 

“2 


31732-8 

3149-64 

I 


1740-0 

3148-47 

2 

i ; 

31751-8 

3148-31 

1 


31753-4 

3147 84 

2 


31758-1 

3147 70 . 

•/ 


31759-5 

3147-40 ; 

; 2 

! 1 

31762-5 

3146 62 

i 1 

. 

31771-4 

3146-13 ! 

’ 2 

! ' 

31785-6 

314461 j 

44-4 ^ 

4 

' 0 21 

i 

31790-7 

314406 : 

44-2 ' 

6 

^0-14 

' 

31796-3 

3143-33 

1 

; i 

31803-7 
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Iron (Arc Spectrum) — continued. 


Knyser and i 

1 

Intensity 

i 

Aliiller and 1 

Differenco ; 

Oscillation 

fCunjfe ! 

(^ornii 

and 

W* t\f* i 

1 (owl and j ' 

Froqtiency 

(Kowluud) 1 


Character 

iVCUipi 1 

— Angstrdnii I 1 

in Vacuo 

8142 97 1 

18-8 

4 


- 0 88 1 

81807-8 

;U42-54 1 

12 0 

(> 


-0-00 ' 

81811-7 

8140-47 I 

4 


1 

31882-7 

8140 00 : 

A 


, 1 
i 

31887-4 

8139-70 i 

1 



31839 9 

3138-62 1 

2 

1 

31851-4 

8187 84 

1 

f ’ 9 7 

31859-4 

8186 89 

1 

’ 98 

31868-9 

8180 59 1 

4 

1 


31872-0 

8185-70 1 

1 

! 


31880-4 

8185 61 i 

2 

: 


31882 9 

8184-21 [ 

8 

1 

31896 2 

8182 01 1 

0 

; 

31912-5 

8129-45 1 

4 


31944-7 

3129 20 , 

2 


31947-2 

8129-05 ! 

2 


31918-8 

8126-89 ' 

1 


31970 8 

8126 25 

0 


31977-4 

3125 77 

s 


31982 3 

3126 00 i 

1 


31990 2 

8124-10 ' 

1 


81998-8 

8128 48 j 

1 

(>90 

32000-3 

3122-41 j 

2 

11 95 

32016-7 

8121 88 i 

1 


82022-7 

8120 95 1 

4 


82031-7 

8120-51 ! 

4 


32035 9 

8120 41 i 

1 


32037-3 

8119 58 ' 

! 0 


32045 8 

8117-69 : 

! 2 


32065 2 

8116 78 j 

8 


32076-1 

8116 47 

1 ' 

1 

32077-8 

8115-80 


1 



32084-1 

8113 70 


2 



32106 3 

8112-16 


4 



32122-2 

8111-90 


2 


32124-9 

3111-81 


2 

1 

32125-8 

3110-97 


2 

i I 

32134-5 

8110-37 


4 


1 

32140-7 

3109-73 


1 


i ' 

32147-3 

3109-07 


1 

i * * 

32154-2 

8108-07 


2 

1 ' i 

32164 6 

8107-46 


1 

i i 

32170-8 

8100-69 


1 

1 1 9-8 

32179-8 

3105-69 


1 

! 9 9 

32189-1 

8104-34 


1 

1 

32203-1 

3103-95 


1 


1 

32207 1 

3102-00 


4 


1 

32217-4 

8102-70 


0 



32219-5 

3102-23 


1 



32225-0 

3101 96 


1 



32227 8 

3101-08 


4 



32231-2 

8101-10 


1 



32230-7 

3100-97 


3 


1 i 

32238 1 

3UK)-77 

99-8 

8 


0-97 ! i 

82240-1 

8,3100-38 

99 5 

0 


0-88 ; 

32244-2 
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BBPOBT— 1891* 


Iron (Arc Spectrum)— 


Kavser and ! 

Intensit}' 

and 

Charactei 

Muller and 
Kempf 

Difference 
Howland 
— AngstrUm 

Redaction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Range 

(Rowland) 

Cornu 

X+ 

X 

310004 

99-2 

10 


()-84 



32247-7 

3099- 11 


1 





32267-4 

3098-25 


6 





32266-4 

3097-70 


1 





32272-1 

3097-00 


1 





32279-4 

3096' 12 


1 





32288-6 

3095*37 


2 





32296-4 

3095-03 


1 





32300-0 

3093-92 


6 





32311-6 

3093-45 


2 





32316-5 

3092 87 


1 





323226 

3091-67 

90-4 

8 


1-27 



32335-1 

3091-25 


1 





32339-6 

3090-31 


1 





32349-3 

308964 


1 





32356-3 

3088-93 


1 



0-95 


32363-8 

3088-25 


1 



0-94 


32370-9 

3087-49 


1 





323789 

3086-85 


In 1 




32385-6 

3085-78 


In 




32396-8 

3083-81 

10 




32417-6 

3083 2- 1 

1 




324237 

3082-75 ' 

1 i 




32428-7 

3082-27 


1 




324337 

3081-97 


1 ^ 




32436-9 

3081-26 


1 ! 




32444 3 

3081-09 


1 




32446 1 

3080-11 

79-3 

4 

081 



32456-5 

3079-81 


1 i 1 

i 


32459 6 

3078-50 


4 1 




32473-6 

3078-10 


4 1 




32477-7 

3077-77 


2 ! 

1 


324812 

3077-32 


1 1 . ‘ 

1 

32485-9 

3076-60 


1 





32493-6 

3075-80 


10 



i 

32602-0 

3074-53 


2 





32615-4 

3074-24 


2 





32618-6 

3074-08 


2 




99 

32620-1 

3073-28 


1 




10-0 

32628-6 

807228 


la 





32539-1 

3071-54 


In 





32647-0 

3070-33 


1 





32669-8 

3069-56 


In 





32668-0 

3068-89 


1 





32676 1 

3068-25 


4 





32681-9 

3068-06 


1 





32683-9 

3067-30 

65-5 

10 


1-80 



32694-8 

3066-66 


4 





32699-9 

3066-13 


1 





32604-4 

3065*40 


1 





32612-2 

3064-82 


1 





32618-3 

3064*01 


2 





32627-0 

3063 28 


1 





326347 

3062-96 


1 





32638-2 

306247 


1 





32643-4 
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Iron (Arc ^vjsmuviAy-contmv^d, 


Reduction to 


Kayser anti 
Kimgo 
(Howland) 

Cornu 

Intensity 

and 

Character 

Miillcir and 
Kenipf 

Difference 
Ilowland 
— Angstrom 

Vacuum 

Oscillation 
Frequency 
in Vacuo 


X 

3062-29 


1 

1 




32645-3 

3061-89 


1 




32649-6 

3061-08 


4 




32668-2 

3060-G3 


2 




32663 0 

3059 19 

era 

10 

1-89 



32678-4 

3057-56 


10 




32695-9 

3056-39 


2 




32708-6 

3055-82 


1 




32714-4 

3055-35 


6 




32719-6 

3064-46 


2 




32729-1 

3053-95 


1 




32734-6 

3053-53 


2n 




32739 0 

3053-15 


6 




32743-1 

3051-84 


1 1 




32757-1 

3050-90 


4 1 




32767-2 

3049-53 


2ii j 




32781-9 

3048-61 


2n ' 


0-93 


32791-7 

s 3047-71 

46-5 

10 ' 

1-21 



32801-5 

3047-15 


4n 




32807-6 

3047-02 


1 1 




32808-9 

3045-70 


2 1 




32823-2 

3045-16 


6 1 




32829-0 

3044 68 


♦> ’ 




32884-2 

3043-36 


1 ! 




32848-4 

3042-75 

4 1 -5 


1-26 



32866-0 

3042-13 

40 7 

6 i 

1*43 


10-0 

32861-7 

3041-83 : 

40 3 

S 

1-63 


10-1 

32864-8 

3041-08 


1 




32872-9 

3040-64 1 

39-2 : 

1 

1-34 



32878-8 

1 3040-07 1 


1 




32883-9 

3039-44 


2 




32890-7 

3039-19 


In 




32893-4 

' 3038-47 ’ 


1 




32901-2 

[ 3037-80 






32908-6 

3037-54 

36 2 

(; 

! 1-34 



32911-3 

3037-37 


\\ 

1 



32913-1 

1 3035-86 


2m ■ 

1 



32929-5 

3034-63 


2n 




32942-8 

3034-26 


2 




32946-9 

3033-46 


1 




32966-7 

3033-20 


2 ‘ 

1 



32958-4 

, 3031-74 

i 

6 

1 



32974-3 

1 3031-31 

29-8 

6 

1-51 



32978-9 

3030-75 


1 

} 



32986-0 

3030-24 

28-7 

8 

1 1-54 



32990-6 

3029-33 


4 

i 



33000-5 

3026-57 

253 

8 

1-27 



33030-6 

! 3026-00 


4 




330368 

3026-76 

24 6 

6 ; 

1-15 



33039-6 

3025-39 


*2 




33043-6 

3024-13 

22-7 

8 

1-43 



33067-3 

3022-89 


1 




33070-8 

,J3021-15 1 

19-9 

,s 

1-25 



33089-9 

^\3020-70 i 

19-4 

10 

1-30 



33094-8 

3019-81 1 


2 




33110-0 
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SEPbRT — 1891. 


Iron (Arc Spectrum)— 


1 


1 ! 

j 

licduotion to 

’ Knvsor and 


Intensity 

1 

j Miiller and 

J Kempf 

j Difference 

Vacuum 

I Hun^xo 
[ (liO>>land) 

Cornu 

j and 
jCharactei 

j Ijowland 
! — A ngstroni 

i A + i ^ — 

1 


1 1 

1 

1 1 A 

1 3019-08 

17-7 

8 ' 

1 1-38 

1 1 10 1 

! :5018 23 


1 



! 1 102 

1 :)Ol7-72 

16-5 

8 


1 22 

.3016-20 

15 0 

6 


1 29 1 

3016-01 


4 


; 

3015 01 


1 



.3014-27 





:5012-o0 


2 



0 03 

3012-07 


1 



0-02 

.3011-57 


G 


! 

:3010 2S 


1 



3009-6r. 

08-4 

10 


1-26 

:5009 1 8 


4 

. 

;3008-2.3 

07-3 

10 

0-03 j 

:5007:50 


10 

, 1 00 1 

3005 10 


4 

1 j 

:3004-7.3 ! 


1 

I , i 

.3004-20 } 


2 


.3(X)3 74 1 


1 

’ 1 

3003-11 ! 

02 7 

6 

‘ 0 44 

.3002 74 

02-4 

4 

0 31 J ( 

! .3002 58 


1 

1 i 

j :3O02 18 


1 

1 ■ 1 

3001-80 


1 

1 i 

I .3(X)l-05 

00 2 

8 


0 8.5 ' ' 

; 3000 56, 


6 



1 2090-61 

99 0 

inu 


061 ‘ 1 

j 2098-61 


1 


1 ! 

: 2007 51 

2096-40 ' 


1 

G 


10 2 ^ 

I 2095-96 


1 

1 

103 

' 2995-41 


1 


1 

. t 2094 .51 

94 4 

10 


0-14 

f 2992-6:5 


1 


j ‘ 1 

j 2902-34 


1 


1 1 j 

2001 -78 


6n 


' j 

1 2000-4S 


G 


( ' 

f 2980-43 


1 


1 1 

2080-0(^ ; 


1 



! 2088-58 


' 2 



1 

! 2987-82 : 


1 




1 2087-40 , 

87 1 

8 


o:50 

1 

1 2986-72 ' 


1 



' j 

2980-54 ' 


2 




2986-65 = 


G 




2984-02 j 

84-1 

8 


0-82 

' i 

2983 68 ! 

820 

10 


1-68 

’ ' 

2982-04 ' 


1 




2982 78 


1 



' i 

2982-31 ! 


1 




2981 !)5 : 


6 



i 

2981-61 

70-7 

8 


1 81 


298062 i 


G 




2079-98 ; 


1 



i 1 

2970- H i 


1 



1 


0‘^rilIation 
Frequency 
in Vacuo 


331 12« 
33121-8 
33127-4 
33143 1 
33145-1) 
33167-2 
33165-3 
33183-8 
33189-G 
33105 1 
33200-3 
33216-1 
33221-4 
3.3230 0 
332 12-2 
3: 12 63 2 i 
33270-7 ' 
33276-5 
3328 l-G 
33288 3 
33202 7 
33204 5 
33208 0 
33303- 1 
3331 1 -5 
33316 0 
33327-5 
33.{;i.S 6 
33350 S 
3.1362 2 
33368 0 
3.337 I 1 
3.338;{ 8 
33405-1 
33408 1 
33 1116 
3:1120-1 

3:11100 

.3.3115 7 
:5:n50 1 
33458 0 
.3.3463 6 
33171-2 
:j.317:i-3 
:j3 18:5-2 
3:5101-4 

.33505 4 
:53513 7 
:5:5515-5 
3.3520 8 
:53521-8 ’ 
:5:5520-4 : 
.3.3539-8 I 

3:55470 ' 

:i:5553-l 
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Iron (Arc Spectrum)— 


225 


Kayser and 


Intensi 

Runuc 

Cornu 

and 

(Rowland) 


Cliaract 

2078 10 


1 

2076 01 


1 

2076 60 


1 

2076 22 

70 8 

0 

2074-80 


1 

2073 41 

73-8 

8 

2073 17 


8 

2072 30 


4 

2071 80 


1 

2070-60 


4 

2070 20 

70-7 

10 

2009 52 

700 

JO 

2068-05 


1 

2968 58 


4 

2000-00 

07-4 

10 

2900 31 


o 

2005 02 


4 

2005 35 

65 G 

8 

2965-12 


4 

2964 72 


2 

296 1 30 


2 

2003 77 


In 

200.2 67 


1 

200,2 20 


2 

2901 71 


1 

2001-30 


4 

2000 75 


2 

I 2060 f, 4 


1 1 

20(;<) 30 


4 

' 2060 07 

60 5 

8 

j 2050 70 


2 

j 2059-14 


1 

' 2058 55 


1 

! 2058 0 4 


In 

j 2057-57 


C, 

1 2057 48 

57 4 i 

0 

i 2057-38 


0 

1 2056 0 4 


2u 

1 2055 70 


1 

1 205 4-30 


In 

205 4-13 


0 

i 2053 00 


4 

, 2053-80 

63-8 

(» 

: 2053-60 


0 

i 2052 05 


In 

2051-00 


In 

2050-3 4 

50*5 

8n 

2040-83 


1 

2040 28 


6 

2049-07 


1 

29 48-70 


2 

2048-52 


6 

U 2048 00 

47-8 

8 

2047-77 


8 

2047-46 

1891. 


4 


Muller and 
Keinpf 


Difference 
l^owland 
— Angstrom 


- 0-58 

-0-39 


-or> 

-0-48 


-0-41 

-0-25 


-013 


008 


0-00 


Reduction to 
Vacuum 


\ + 


0 02 
0-01 


10 3 
10-1 


-0-16 


0"2O 


10-4 

iO-5 


Opcillation 
Fretjuency 
in Vacuo 


335G7-5 

33581-0 

33584-4 

33580 4 

33604-7 

33021 1 

33623-7 

33632 9 

33038-2 

33052-8 

33057-4 

33665-1 

:’,367i-r, 

33075 7 

33603-8 

33701-5 

33705 0 

33712 4 

33715 0 

33710-0 

33724-4 

33730 4 

33712 0 

33748-3 

33753 5 

3>3758-5 

33704-8 

33706-1 

33708 0 

33772 6 

33776-1 

33779 8 

33789 9 

33705-8 

33801-1 

33802-2 

33803 3 

33808-3 

33821-8 

33837-5 

33840-5 

33841 0 

33843-6 

33846-7 

33857’5 

33808*5 

33883-0 

33880-8 

33806-1 

33808-5 

33901-7 

33904-8 

33910-8 

33913-4 

33917-1 


Q 
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1 

Iron (Ar 

lEPORT — 1891. 

c Spectrum) — amthived. 


1 

Kavsor and ^ 
Kunuo : 

(Kowl.iiul) 1 

1 

Id\o5ns and latensity 
l>.‘v>ar , »«d 

Character 

Miiller an<l 
Kempf 

Kcduction to 

DirteronCG 

Howland 

— .Vn^'?troin 1 

A 1- ^ 

Oscillation 
Frequency 
m V^icuo 

2947 2(1 1 

1 




33919-3 

29 u;r>i { 

1 




33927'G 

29}:) 79 

2n 




3393d- 2 

1 29}:) 20 

lid 4n 


OdO 


33943-0 

291} 19 

110 1 d 


0*19 


33951-2 

29 19 79 ! 

13 1 2 

1 Od3 


339d()-0 

2942 79 

1 



33970-8 

2911 99 ■ 

1 

! 


33980 8 

2911 12 t 

10 8 8 

' 0 d2 


3398d 7 

2940 CS 

99 9 4n 

1 0 78 


33995-2 

2999 9)9 

38 7 4 


0b9 


31010 2 

2999 1 .") , 

2 




31012-9 

! 2997 !tO 

37 3 8ii 


0 dO 


31027-4 

1 2991) 95» 

3d 4 10 


0-59 


3-1038 0 

2999 1 ^ 

4 




34047 4 

; 299>4 i: ■ 

1 




34007-4 

' 2991 0 1 

1 


1 0 91 


31072 2 

1 2999 ] 1 

02 414} 

0 71 1 0 90 


31082d 

{ 2992 Od 

1 1 

1 


3409:>'2 

299.1 92 

^31-1 1 ' 

0-82 


31090-8 

1 2991 ::) 

2 

! 


3noi*i 

2991 -IS 

1 1 

j 


34 105 4 

; 2991) 72 

; 1 , 


' ;uiio8 

i 2990 19 . 




31113 5 

I 2929 r.7 

1 4 1 



31123-0 ' 

2929 20 

2S 3 ' 8 

0 90 , 


3 1 1 2^ 5 

I 2929 01 i 

2 1 

! 

10-:) 

311301 

j 292.S ,S9 1 

4 

! 

lo-d 

31132 7 

1 202s 20 

*) 

1 


34110 1 

! 292'^ 02 

' T 

1 


31112 2 ' 

292:-i;(; 

1 



31110 1 

2927 0'< 

1 1 

1 1 

34153 1 

1 292(1 (1") 

2*; 0 8, 

005 [ 

31158-2 ' 

1 2925 9(1 

2 5 2 d 1 

o-Ti; ' 

31100 2 ; 

2925 19 

21-7 d 

0 73 

31172 1 ; 

2921 (11 ; 

In i 

I 

31181 4 ' 

2929 94 

29 2 1 d 

071 

34 189 8 : 

2923 99 

22 S Sii 

(» 59 i 

31190-3 j 

2922 1^1 

In 


34203 0 t 

I 2922 1(1 

‘21-5 ' 2 ' 

0-t)d 

3 4207 1 I 

2921 Hfl 

1 1 

I 

312112 ! 

; 2921 19 

In 1 


' 31222-0 i 

2920 7() 

20 0 d ; : 

0 7d 

! 31227 1 1 

2920 1 1 

' 1 ' ; 



31231-2 

2919-95 ; 

4 1 i 



31290-0 

2919 91 

. 1 

i 


312141 1 

2919 11 

1 ' : 

1 


34240-1 . 

291K 12 ' 

1 i 

1 


34 254 -5 

29IS 11 

17 4 8 ; 

O' 71 


312:.H'2 1 

29 1 7' 5H 

] 1 



31204*4 

2916 20 

, ! 



342800 

2914 94 

13 d d i 

0*74 1 


34302-5 

2913-70 : 

In 

J 


34310-0 

* Those marked with an asterisk (*) wera observed only in Uic Spark-spectrum. 
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InoN (Arc ^vY.CTJt\]^i)-~continned. 




i 


Reduction to 


KttV'or nnd 

Livoing and 

Xnton-ity 

Dirterence 

\ acuum 

Oseillntinn 

Kuiifit* 

Dewar 

and 


IJowlaud 

! 

1 rcquency 

(Kowhiud) 


('haractci, ' 

i 

— An^^strem 


A 

in \ ac'uo 

21)12 2(1 

11*5 

1(> 


0-70 



31327*0 

29 11*01 

-‘10 5 

1 


0*51 



34341 7 

2900 91 


1 





31354 7 

2909 'u 

08 0 

0 


0G7 



31358-7 

2909 ;5S 


1 





34301-0 

2908 97 

08 2 

0 


0 77 



31305 8 

2907 91 


1 





3 4378 0 

2907'.'»9 

07 1 

0 


0 19 


10 <•> 

34382 1 

2900 70 


1 




10 7 

31392 G 

2900 50 

05 8 

4 


0-73 



34391-6 

1 2900 20 


1 





34398 1 

’ 2905 00 


1 





3 1 105 G 

2905 10 


2 





34107 3 

. 290 1-00 


1 i 




3141 G 7 

i 29(11-22 

03 5 

4ii 

0-72 



31121 9 

2900 52 


1 




34130-2 

2902 55 


1 




31441-8 

2902 02 

01 3 

Sn ' 

0 72 



34 1 18 0 

2901 10 

(>0-8 

0 : 

0 00 



31154-7 

2899 19 

98 9 

H 

0 59 



34478 1 

2898 90 


! 




34484-8 

2S98 7 1 


1 ! 




34187 0 

2898 52 

97 8 

On 

0-72 



31489-7 

2897 09 


1 1 




31499 5 

2897 00 

*90-7 

I i 

0C3 



3 4503 8 

' 2897-11 


1 





3 450G1 

2890 o:i 


1 





' 3 4512-2 

; 2895- 1 1 ! 

91-5 

8 


0 01 



1 31530 3 

2891 59 

9 1 0 


0-59 



3153G-5 

2890 97 1 

90 2 

A 1 

0-77 


j 31543-9 

2890, SO 


2 ' 


i 

31545-2 

2890, 17 


1 1 


i 

34519-9 

2890-17 


1 1 


' 

34553 5 

2892 89 


1 


1 

3 155G 8 

2892 50 

9-.^ 0 

0 


0-50 

0 90 


3I5G0 7 

2891 98 

9 1 2 



0 78 

0 89 


3,4507*7 

2891 82 


2 




34509 0 

2891 19 


1 




31573 5 

2890 99 


*> 




31579 3 

2890 50 


In 




34585 0 

2890-12 






31589 9 

2889-90 

89 2 

1 


0*7G 


31591*9 

2889*00 


1 




34595 4 

2888-01 

>^87-0 

1 


1 0 41 

' 

34015-2 

2887-88 

87-3 

0 


0*58 

; 

34610 8 

2887* 1 0 


1 



' 

34 622- 2 

2887 22 


I 




34024 7 

2880-08 

85 8 

0 


0*58 

j 

31031 8 

2885 10 


»> 



! 

34045 8 

2884-15 


1 




3 1057 9 

2883-80 

80,-3 

1 0 


0-50 ' 


34605 8 

2882*99 


! i 




34G75 5 

2881-05 






34091*6 

2880-81 

80*4 

1 0 


0-44 

f 

34701-4 

2880*07 


1 2 



1 

34703-4 


CL 2 
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REPORT — 1891. 


Iron (Arc SPECTRUM)~f?tf?2/w?/<’r^. 



1 

1 

1 


Reduction to 


KaA ser and 

Livrinir aiKl intensity 


DiOTorence 

Vacuum 

O^cillat ion 

liunsre 

iJenar 

luul 


Rowland 



Irequency 

(Kowlaiul) 


(.’haractei 


— AngstH)!!! 

' A 6 

1 _ 

in Vacuo 




! 



A 


2870 fU) 


3 i 




51716-5 

2879-01 


1 1 




54725-5 

2878 SI 

78 2 

4 


0 01 



5.1725-5 

2878 75 j 


1 

! 



51726 0 

2877 95 j 


I 


i 



51730-2 

2877 57 ; 

70 S 

8 


1 0 57 


10 7 

51745-5 

2870 SO j 

70 1 

V 


0 10 


10 s 

5 1750 0 

2870-21 


In 




1 i 51750 8 

2875 78 f 


1 





517621 

2875 55 ' 

71 9 

»> 

; 0 45 



j 51707’0 

2871-98 ' 


4 

i 



i 51772 0 

2871 21 

75-0 

8 

1 0-61 


i 517810 

2875 71 j 

75 0 

2 

j 0-71 



5.1787-1 

2875 IS i 


2 

i 



51790 2 

2872 95 


1 

1 



51790 9 

2872 51 ; 


1 




51801 0 

2872 58 i 

72-0 

S 

1 0-58 



5.1805 5 

2871-85 ■ 


1 

j 


i ;’.i8O9 0 

287 1 59 

♦70 T 

1 

' : 0 69 


.11S15-5 

2871 10 1 


1 

j 1 


' 51818 5 

2870 57 ! 


1 

1 1 


j 51827 9 

2869 95 

1 

2 



1 5 1855 .1 

2869 58 

09 0 

8 


1 0 58 


! 51859 9 

2868 9 1 


2 




518 15 5 

2868 50 ' 

08 0 

4 

0 50 


i 51850 0 

2868-55 , 


2n 

! 


! 51852 7 

2867 91 ! 


1 

1 


5 1857 1 

2807 05 1 

07 1 

4 

1 0 .).» 

1 

; 5186 12 

28(;7-57 


4 




' 51801 4 

28(;7 09 1 

m:o 5 

1 


0 59 , 


5 1807 8 

2860 68 1 

06 2 

8 


0 18 ! 


, 5(872 8 

2865 90 


3 


j 


51882 5 

2865 15 , 

-* 1 7 

1 n 


0 75 


' 51888 0 

2865 92 i 

65 0 

8 


0 52 


51906 1 

2865-40 1 

65 1 

10 


0-56 


51912 0 

2902 50 ' 

62 1 

0 ; 


(VIO 



5.1925 0 

2862 (HJ 


1 




j 

5.1929 8 

2861 IS ' 

^60 9 

1 


0 58 



5195,0 1 

2801 29 I 


1 




1 5195.8 5 

2800 50 


4 





51918 1 

2859 48 ; 


1 





51900 0 

2858 90 ; 

5^ 5 

0 


0-06 



5190.0 9 

2858 11 * 

♦57 9 

4 


0 51 



51975 7 

2858 1 5 


2 





51977-1 

2857 88 ' 


*> 





51980-2 

2857 2!> ! 

♦56 7 

1 


0-59 



54987 1 

2857 09 


1 





51989 8 

285G-19 , 


1 



0-89 


55000 9 

2855-75 , 

♦55 5 

2 


0 45 

-0 88 


55000 5 

2855 81 j 


10 





55050 1 

2855-02 , 


1 





55059 8 

2852-19 ' 


0 





55050 0 1 

2851-85 ! 


10 





55051-1 

2851-58 ; 


2 





55057-5 

2850-09 I 


i> 





55008-4 
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Iron (Arc Spectrum)— 



1 



1 

Koduction to 


Kavfer and 

Liv('in;^ and 

Intensity 


Difference 1 

Vacuum 

Oscillation 


Dewar 

and 

Kempt’ 

IJowland, 



Frequency 

(Kowliiiid) 


Charactei 

— Angstrom^ 

A + 

1 

in Vacuo 

2819-1)1 

*49-;i 

1 


0-Gl 1 



350780 

2849-d7 


1 





35081 0 

2818-77 

48 2 

8 


0 57 



35092-1 

28 18- Id 

480 

2 


01:4 


10 8 

35100-0 

2817-72 


111 




10 9 

35104 9 

281(; 87 

4C 5 

(5 


0:57 



35115-4 

281.‘'>-7:) 


2 





35129-2 

28 lo dd 

45 d 

8 


0:4:5 



:551dO 7 

2811 01 

4:5(5 

10 


0 41 



351. '30 3 

28ld*r)l) 

4.5 i 

8 


0-59 



35154 7 

281d dO 


2 





35159-5 

2812-9(5 


2 





.'55 103 7 

28l2-4f) 


1 





35109 9 

2812 0(5 


In 





35174 8 

2811 72 


In 





35179 1 

2811 d2 


In 





:15184 0 

2810 !)9 


4 





35188 1 

2810 7d 


2 





:45191 :5 

2810 r,o 

40-,d 

(5 


0 20 



35194 2 

28 lO-OG 

:59 (5 

10 


0 10 



35199 0 

28d'.i (5(5 


1 





35204-6 

28d8 :>] 


2n 





35218 8 

28d8 19 

d7 7 

8 


0 49 



;55222*8 

28d(; 15 


In 





35244-4 

28 dG 02 


1 





3.5219-8 

28.55 7G 


2 





;55253 0 

28d5 51 

■’*:55 2 

0 1 


031 



35250 1 

2sdi SI 


1 1 





35204-8 

28dl-18 


1 1 





35208 9 

28dl 22 


1 





35272 2 

28dl 07 


1 ’ 

1 



;55271 0 

28:;:’. 95 

:{2 8 

lo 1 


M5 



:55275 5 

28:5“. 17 

:52 1 



1-07 



35281 5 

28:52 47 

.51 8 

10 


007 



35291 0 

2891 01 


^ ! 





35311 8 

28:50 85 


1 i 





:4r)314-2 

28dO 55 


1 





;55:417 9 

2829 58 


111 1 





:5r)330 0 

2828 87 

23 :i 

0 


057 



;55:538 9 

2828 70 


1 





:5,5:44i 0; 

2828-44 


In 





:55:541 3 

2827-i)8 

27 

1 ‘ 


0d>8 



35350-0 

2827 G8 1 

*27 0 

2n 


0 08 



:45:453-8 

2827 20 


In 





:55:559 8 

282G 88 


In 




10 9 

35303 8 

282(5 5(5 


4 




11 0 

35307-7 

282G07 


2 





:45373-8 

2825 75 


(5 





35377-8 

2825-GO 

25-1 

,8 


0^50 



;46379-7 

2821 7d 


0 





35:490-0 

2824 12 

2:1-9 

0 


0-52; 



:45394-5 

282d d2 

22 9 

8 


042 



:45408-3 

2821-95 


1 





35425 5 

2821-09 


1 





35428-7 

2821 -dd 


1 





35133-3 
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BEPORT — 1891 


Iron (Arc SPECT'RVM')~conf}jna’(7. 



i 

1 ; 


Uodiiction lo 


Kavvcr niul 

Liv(‘in- and' Intensity 

J 

PilVorMH-e 

A aciumi 

, Oscillation 

IvUll J.O 

(Kowl.iiul) 

Dcft-ar 

1 and 
ICharaote 

1 Kein])f 

'"j 

lunvland 
— Angilroin 

1 

. Iitapioncy 
! in Vacuo 



1 

1 

1 ^ ' 

A 


2821 (Ml 


I 





35 130 3 

2820 8(5 

20 1 

1 2 


0 10 



35 130 2 

2820 


j In 



0 88 


35 415-0 

2810 :>! 


1 2 



0 87 


35 150‘1 

2810 05 

10 0 

0 


0 3.) 



35458'2 

281 8 28 


1 





35171-0 

2817 08 


1 1 





35475 1 

2817 55 

17 0 



0 55 



35180 8 

281('> 71 


! In 





35101 0 

2815 58 

15 1 

j « 


0 48 



35505*7 

2815 1 1 







3551 J 2 

28i;{ 07 

^15 1 

1 o 


0 27 



3552:> 8 i 

281;; 00 

12 8 

! 


0 50 



.35533 7 

2812 (;o 

♦12 2 

1 


0 10 



35513 3 

2812 00 


1 





35510 3 

2812 (MO 

11-7 

1 


0 30 



.35510 7 

281 1 2 1 

♦10-0 

> In 


0.13 



:)550()(; 1 

2810 01 


in 





.3550 1 3 ' 

2810 :57 

00 7 

In 


0 07 



.35571 5 ! 

2808 70 


1 

1 



35502 3 

280S':}7 

07 0 

i 

0-17 



.3550(5 S 

2-S08M-0 


* 1 

1 

1 



35001 2 

2807 02 


: <> 




35(510 2 

2807 OO 

()(> 7 

1 10 

1 o:;.i 



35(513-8 

2M)0'5;! 


In 





.35020 2 

280(;-]0 


1 o 




n 0 

::5(.25 3 

2805 '^7 

♦05 1 

2 


0-17 

I 11 I 

:i5028 5 

2804 02 


' 4 





35010 5 

2801 50 

()| 2 

10 


0 30 



35015 1 

280 MO 

-0.] 8 

i ^ n 


0 3.1 



3.5050 0 

2^00 0'' 

05 2 

, (5 


0 18 j 


0.5(5 .3 

2^00 20 






3.5002 4 

2'«02 7C> 1 

01 *8 

; 1 


0 lo; i 


:’..5(;08 0 

2801 15 ( 

(-(I'.S 

s 


0 35 i 


.3.5(;88-.5 

28()O-70 j 

(HI 1 

' In 


0 03 


.35(;t).3 0 

2800 01 1 

00 1 

1 


UOl { 


.35000 2 

2700 87 1 


i 1 


' 


.35701-8 

2700 :!1 i 


I 




:;57n (5 

2700 21 * 

08 ,s 

‘ 4 


0 n 


:;5713 3 

270^(;i j 


1 

1 


25720 5 

270S':U ' 

07 0 

8 


0 n 


.35721 7 

2707 82 

07 4 

S 


0 12 


3.57.31 0 

2700 01 

■^00 

2 


0*01 


.35712(5 

2700 0,8 1 


i In 




35710-4 

2705 OO 


1 




35 7.55* (5 

2705-58 ! 


; 8 




3.5750-7 

2705 00 ! 

01*5 

10 


0 ,50 


357(57-1 

2701 77 1 


' <; 





35770 0 

2704 21 


! 1 





.3.5777 2 

2700 07 

*05 :j 

i ^ 


0-67 



.357.80 3 

2792-80 


1 





3570 4-1 

2702-41 

02*2 

(» 


0*21 J 



.35700-0 

2701-84 

01 5 

0 


0 31 


1 

35807 (5 

2701*51 


0 




i .35811-8 

2701-00 1 

*00-3 1 

1 


0 70 


i 35.818-3 
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Iron (Arc Spectrum)— 




1 


Roductiou to 


Kavsor and 

Liveing and 

IntcTiMty 


Diirercncc 

Vacuum 

Oscillation 

Uungi* 

Desvar 

and 


K^oAvland 



r 1 ('queue V 

(KowJand) 


Character 


— Angistroni 

A + 

1 

K ~' 

m Vacuo 

2780 87 

80-5 

8 

! 0 :;7 


11 1 

:i58:i2-o 

27.S‘J-r)4 


4 



11 2 

:45 837-0 

2788 15) 

1 88 0 

10 

; 0-12 



:’,5854 4 

2788‘()o 


10 




:1585G 2 

2787 10 


1 




:>5807 0 

2780-84 


4 

1 



:-15871-7 

2780 20 


1 

1 



35870 2 

278r>-2r> 


1 




35892 2 

2785-11 


1 

1 



3589 1 0 

2781-10 

81-2 

4 

i 0-20 



35003 2 

2781 07 


«> 

1 

0 87 


35007-4 

2 781 1-7 5 

-^ 8 : 1-1 

8 

o-:i5 

0 80 


35011-0 

2782-12 


1 




35032-0 

2781 80 

81 0 

8 

; 0 20 



35035 0 

2780 011 


1 





35048 0 

2780-77 


4 





:45050 1 

2780 01 


1 





:15052-1 

2780 28 


4 





35050-4 

2770 85 


4ii 





:^50(;2 0 

2770-;U 

78 0 

0 


044 

1 

35008 0 

2778-80 

78 .1 

0 


0 50 


35074 4 

2778 01 


1 

1 

j 

35077-0 

2778-20 

77 0 

8 

1 O-.'IO 

1 

14508 1-2 

2778-15 

+ 77 7 

0 

' 0 15 

1 

350810 

2770 80 

^70 1 

1 


0 70 

i 

:i(;(K)0-7 

2770 47 


2 n 





1 : 10005 7 

2775-02 


1 





i 30012 0 

2775 11 


1 





! 30023-4 

277 1-70 

715 

8 


0 20 * 



i :10028 0 

2771 17 


1 





[ :10031 7 

2771-21 


1 





300;i5-l 

27711-00 


•> 





30038-3 

277:1-28 

7:1 1 

i 8 


0-18 



30017-2 

2772 80 


2 





30052-3 

2772-50 


1 





30050-5 

2772-10 


2 





’ :;oo58 0 

2772 15 

71-0 

8 


0 25 



30001 0 

2771 01 


1 





I 30004 0 

2771 :io 

71 1 

1 


0 20 



1 :{0()72 9 

2770-75 

70 :i 

1 


0-15 



; 30080-1 

2770-57 


1 





; 30082-4 

2770 00 


1 

1 



: :}0080 i 

2700-7:; 

00-1 

1 

0-33 



j 30093-4 

2700:i7 

00 1 

0 

1 0 27 



1 30008-1 

2708-08 

08 8 

4 

0 18 



ii 30103 2 

2708-52 


2 ti 





j 30100-2 

2708-10 


2 n 





:u;ii3-5 

2707 50 

07-2 

10 


0 30 



; ;4(; 121-7 

2700 00 

00 8 

0 


0-10 



; 30120 1 

2700-75 


2 





3oi:;2-3 

2700-45 

i 

1 





' :ioi:;o-2 

2700-07 


1 





30141 2 

2705 - 7:1 

♦05 3 

1 


0-43 



. :;6i45-o 

2705- :io 

♦04 7 

1 


0-00 



, 30151-2 

2765-13 


1 




11-2 

30153 5 



232 


BEPOBT — 1891. 
Iron (Arc Spectrum)— 


Kayser and 
Buiiuo 
(Rowland) 

1 . 

.Liveing am 
1 )cw'ar 

Intensity 

and 

Charactei 

Muller and 
Keinpf 

Pitference 
l^owland 
— Angstrom 

Reduction to 
V acuum 

; 1 

1 - 

1 ^ 

2764-80 


1 




11-3 

2704 41 

64-0 

8 


Oil 



2763-17 

63-0 

0 


0 17 



2762-82 

*62-4 

6 


0 42 



2762-52 


1 





2762 12 

61-9 

8 


0 22 



2761-83 

Gl-7 

8 


0 13 



2761-57 


1 





2761-30 


1 





2760-96 


(i 





2760-71 


1 





2760 42 


1 





2760 20 


1 





2759-86 

69 7 

8 


0 16 



2759-42 


1 





2769-02 


1 





2758-20 


1 





2757-91 


6 





2757 38 

57 2 

8 


0 18 



2757 09 

*o0 9 

1 


0 19 



2756-85 


1 





2756 36 

5()-2 

8 


0 16 



2755 77 

55 5 

10 


0 27 



2755-25 


4 





2765 01 


2 





2754 72 


1 





275148 

513 

0 


0 18 



275 1 09 

53 9 

0 


0 19 



2753-74 

53 5 

6- 1 


0 21 



2753 37 

53 0 

6 


0-37 



2753*1 9 


2 





2752 20 


1 





2752 89 


4 





275111 

+50 8 

2 


0-61 

i 


2751 20 


1 





2750 95 

50 6 

8 


0.35 



2750-82 


1 





2750 21 

49 8 

10 


0 41 



2749 58 


0 





2749-12 

49-0 

6 


0 12 



2749 23 


0 





2748 49 


1 





2748-25 


1 





2747 64 


0 





2747-03 

46 0 

10 


0-43 



2746 54 

40 1 

10 


Oil 



2745-87 


2 



0 86 


2745-52 


1 



0 85 


2745 1 3 


6 





2744 0') 

412 

8 


0-40 


11-3 

2744-12 

43 7 

8 


0- 12 


11-4 

2743-63 

43 3 

6‘ 


0 33 



2743-2: 

42 8 

10 


0 43 



2742-45 

42 0 

10 


0 45 



2742-11 


4 






Oscillation 
Frec^uency 
m Vacuo 


3r.ir>7'7 
3 () 1 02-8 
;i«;i7iH) 
301830 
30 187-5 
30 11)2- 8 
301‘)0-6 
302CK)-0 
30203 5 
3(;208'() 
3t;211 3 
30215 1 
302 IS 0 
30222 4 
30228 2 
30233 0 
30241 2 
30218 0 
30255 0 
30258 8 
30202 0 
30208 1 
30270 2 
30283 0 
30280 2 
302!)() 0 
3021)3 2 
302 !)8 3 
30302 9 
30307 S 

30310 2 
30323 3 
30327- 1 
30333 3 
30330 5 
30339 8 

30311 5 
30319 0 
30357 9 
303)00 0 
36302 5 
30372 3 
30375-5 
30383-0 
30391 0 
30398-1 
30107-0 
30411-7 
30110 8 
304231) 
30130-3 
30430-7 
30442 0 
30452-3 
30450 9 
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Iron (Arc Spectrum) — contimied. 







Reduction to 


Kayser and 
kun^^o 
( Kow laud) 

Livcinj; and 
Dewar 

Intensity 


Difference 

Vacuum 

Oscillation 

Fictiucncy 

and 

Keinpf 

Rowland 



Character 

— Angstrom 


1 

K~ 

in Vacuo 

27-1 1(;5 

*11-1 

2 


0-55 



30463-0 

2741-48 


1 





30405*2 

2741-20 


4 





30400 0 

2710-42 


In 





36470-4 

2730-50 

30 1 

10 


0 49 



30400 4 

2738 02 


1 





30400-3 

2738 r>.l 


2 





3<)504 3 

2738-28 


4 





30507 0 

2737 03 


4 




30512-5 

2737-72 


2 

, 



30515 3 

2737 37 

30 0 

8 

! 0 47 



30520 0 

2737 02 

30 5 

8 

1 0-52 



30521 6 

2730 01 


1 

i 



S66:m 2 

2730 31 


1 

1 



30531 2 

2735 71 


0 

' 



36542 2 

2735 0 1 


0 

1 



30543 5 

2735 5 1 

35 0 

0 

; 0 51 



30544 0 

2731 08 


‘> 

. 



30551-0 

2731 70 


2 

' 



30555’ 7 

273 1 30 

33 0 

8 

0 40 



30550 8 

273 1 07 

33 7 

t 

: 0-37 



30504-1 

2733 05 

3;i-l 

10 

; 0 55 



30509-7 

2732 88 

M2 5 

1 

0-38 



30580 0 

2732 53 


1 




3()5S1 7 

2731 03 

*31 5 

In 

0-43 



30502 8 

2731 37 


2 


I 

3()a00 3 

2731 01 


4 


1 

30601 7 

2730 70 

1 ;u) 2 

8 

; 0-50 


30()<>8*0 

2730 10 


1 1 


i 

300 1 6’5 

2720 15 

*20 1 

1 


0 35 

1 

30020 0 

2720 02 


1 



1 

30031-8 

2728-00 

28 3 

0 


I 0-00 


30633 1 

2728 15 


1 




1 

36630 4 

2728-11 

27-5 

0 


, 0-01 



3064 1 0 

2727 01 

27-1 

8 

I 0 51 



30050 7 

2727 18 


1 



36652-5 

2720 00 


In 

1 



36000 3 

2720 20 

25 5 

10 « 


0-70 



36060-7 

2725 02 


1 





30073 5 

2725-08 


2 





30076 7 

2725-37 


4 





30080-0 

2721-07 

21 3 

8 


0-07 

1 ; 

36680 2 

2721 78 


2 



1 

36688 8 

2721 12 


1 





36603-7 

2723-00 1 

23 1 

10 


0 56 



36703-0 

2723 08 


1 




11-4 

36711*7 

2722 10 


2 
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Iron (Arc Spectrum)— 
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Kiinge 
(Kowlaiid) 

jLiveiiii; anc 
Dewar 

Intonsity 

and 

Character 

Muller and 
Keiupf 
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Kowlniirt 
— An^^stiotn 
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Vacuum 

Oscillation 
Fjetiuency 
iu Vacuo 
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Iron (Arc ^visiQT'BLVsi)~ccntmued. 
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(Howland ) 
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and 
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Howland 
— Angstrom 
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EEPOKT 1891 


Iron (Arc continued. 



1 




Kediu-tion to 


Kavser and 

Livf'ini:: and 

' Inten'<ity 


Dirterence 

Vacuum 

Oscillation 

Kuriix(‘ 

(liowland) 

Dew ar 

1 and 
Character 

Kenipf 

Ko-sv land 
— Angst lom 
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A 

frequency 
in Vacuo 
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Iron (Arc Spectrum) — covtmued. 
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Iron (Arc Spectrum)— 
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Reduction to 
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Iron (Arc Spectrum)— 







Reduction to 


Kav^^or and 

Liveinc; and 

Intenpity 

Mnller and 

DifTorcnce 

Rowland 

Vacuum 

Oscillation 
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Dewar 

and 
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Iron (Arc Spectrum)— continued. 
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Ikon Arc Bipisictrvm.— ( continued). 


Kayser and 
Runge 
(Rowland) 

Lireing and 
Dewar 

Intensity 

and 

Character 

Muller and 
Kempf 

Difference 
Rowland 
— Angstrom 

Reduc 

Vac 

AH- 

tion to 
uura 

1 

A 

Oscillation 
Frequency 
in Vacuo 

2264-51 

64-2 



0*31 



44145-6 

2263-37 

63-2 



017 



44167-8 


62-8 








G2-4 








60-7 







2260-83 

GO-4 



0-43 



44217-4 

2260-16 

59-8 



0-35 



44230-7 

2269-50 

69-2 



0-30 

1 


44243-5 

2255-94 

55-4 



0-64 

1 

14-1 

14313-3 

2253-15 

52-8 



0-35 

1 


44368-1 


51-6 





14 2 



61-2 








50-6 







2250 82 

60 6 



0-32 



44414-0 

22 48-97 

48-8 


1 

0 17 

0 72 


44450 6 

2230 01 

29-7 



0-31 

0-71 


44828-6 


&c. 

i 


&c. 





Tjie Telluric Lines of the Solar Spectrum.^ 


Becker 

(Rowland) 

Intensity 

O'icillation 

Frequency 

Reduc- 
tion to 
Vacuum 

Oscillation 
in V 

Horizon 

Medium 

Altitude 

Rowland 

6020 33 

10? 

9 

16610-4 

49 

1 6605 5 

6019 25 

7 

2 

16613-4 


16608 5 

6016-56 

6 ? 

— . 

16620 8 


16613 9 

6016 ot; 

8 

2 

16622-2 


16617-3 

6015-88 

9 

3 

16622 7 


16617 8 

6015-18 

8? 

1 

16622-8 


16618-9 

6015 22 

6 

1 

16624 5 


16619-6 

601 4 64 

4 

2 

16626-1 


16621-2 

6014-03 

4 

1 

1 6627 8 


16621-9 

6012 93 

6 

2 

16630-8 


16625 9 

6012-17 

5 

— 

16632 9 


16628 0 

6011 83 

5 

— 

16633-9 


10629-0 

6011 58 

5 

2 

16634 5 


16029-6 

6011 18 

5 

2 

16635 7 


1GG30 8 

6010 09 

1 4 

2 

16638-7 


16633 H 

6009 >53 

' 9 

2 

16640 2 


16635-3 

6009-43 

5 

1 

; 16640-5 

i 

16635 6 

6008-50 

5? 

— 

16643-1 


16638-2 

6007 20 

5 

1 

16646-7 


16641-8 

6006-81 

4? 

2 

16617-8 


16642-9 

6006 08 

5 

1 

16649-8 


t 16644-9 

6005-03 

5 

1 

16652-7 


16647-8 

6004-82 

8 

2 

16663-3 


16648-4 

6004-33 

4 

— 

16664-6 


16649-7 

6003-96 

8 

2 

16666-7 


16650 8 

6002-78 

» i 

3 

16669-0 


16664-1 


Angstrom 


* Becker, Trans. Roy, Soo, Edin. xxxvi. I. 1S90. - Cornu, Piazzi-Smyth, and Fievcz, 
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BBPOKT — 1891. 

The Telluric Lines op the Solar ^ VEQTB .\ JU — co 7 itinned . 


Intensitj 

Becker ' Oscillation 

(Rowland) rr.... Medium Frequency 


Oscillation Frequency 
in Vacuo 

Rowland I Ancrstrom 


G002 22 
fiOOlGS 
GOOl 39 
GOOO 34 
5999 83 
5998 73 
5998-37 
5997-43 
599G-67 
5996 53 
6995-39 
5994 74 
5994 08 
5993-81 
5993 27 \ 
5993-17 4 
5992 17 \ 
5992 01 J 
5991 03 
5990 74 
5990-50 
5989 44 
5989-06 
5988-75 \ 
6988 67/ 
6988 27 
5987 20 
6986 25 
6985 86 
5985-37 
6985 00 
6984-41 
5984-24 
6983-55 
5983-00 
5982-47 
5982-15 
5981-89 
5981-40 
6980-96 
5980-70 
5980-31 
5979 93 
5979-33 
5979 08 
5978 18 
5977-94 
5977-55 
5977 14 
5976-94 
5976 66 
5976 04 
5975 27 
5974-40 
6973-72 
6972-95 


16660-6 
16662 0 
16662 8 
1GGG5-7 
166G7-1 
1G670 2 
16G71 2 
H;G73-8 
16676 9 
1GG7G-3 
16679-5 
ir.68l-3 
16G83 1 
16G83 9 


8d 

3 

16(585 5 

lid 

u 

16688 1 
166.S8 9 

11 

4 

16691-6 

10 

3 

16692 4 

6 

1 

16693-1 

11 

4 

1669(5 1 

4 

1 

16(397 1 

lOd 

4 

16698 1 

8 

2 

16(399 3 

11? 

8 

1(3702 3 

4 

o 

16705 0 

5 

2 

16706 0 

10 

4 

1(5707 4 

8 

— 

16708 4 

7 

3 

16710 1 

6 

2 

16710 (5 

7 

2 

16712 5 

6 

2 

1(571 1 0 


16715-5 
16716 4 
16717-1 
1 671 8-5 
1G719 7 
16720-4 
16721 5 
16722 6 
16724 3 
1G725-0 
16727-5 
16728 2 
1 6729-3 
16730 4 
16731-0 
16731*8 
16733-5 
16736-6 
16738-1 
167400 
16742-1 




ICGOl 4 
16697 4 
l(:7()0 1 

16701 1 

16702 5 

16703 5 
16705 2 
16705 7 
16707-6 

16709 1 

16710 6 

16711 5 

16712 2 

16713 6 
1671 1-8 
16715 5 
167 1 6-6 
16717 7 

16719 4 

16720 1 

16722 0 

16723 3 
16724*4 
16725-5 
16726-1 
16726-9 
16728-6 
16730-7 
16732-2 
16735*1 
16737-2 
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The Telluric Lines oi* TtiE Solar ^v^CTiivu—contimicd. 



1 Iiitcnsitv 


U(‘a1uo- 

Oscillation Frequency 

Becker 

1 


Oscillation 

III Vai'iio 


Medium 

Altitude 

tion to 



(Uovvhiiul) 

Tre(£uency 

Ilori/on 

Vacuum 

Kowland 

A n^strom 

51)72 77 

:T! 



1 6743 6 

4 9 

16737 7 


51)72 71 

r> 

2 

16713 8 


107:17-9 


51)71 oil 

1 1 

.5 

16716-1 


16711 2 


5970 H7 ) 



16718 0 


1074:1 L 


6970 70 j 



16718-5 


107‘i:') 0 


5970-21 

10 

5 

16749-7 


16741 8 


5959 21 

10 

4 

16753 5 


16747-0 


5908 5 1 

1? 

— 

1075 4-2 


10749 3 


59(18 19 

T2 


10751 7 


10749-8 

167.52 

59(1 7-8 7 

tt 

5 

1 07.56- 1 


10751 5 

16754 

59()7 5(1 

10 

-t 

16757-0 


16752 1 

167:55 

59(17-.}9 

7 

3 

16757-8 


16752 9 


69G7-18 

:w 

— 

16758-:i* 


1675:1 ] 


590(1 81 

10 

5 

16759-1 


16754-5 


590(1 Til 
590(r;i;’. / 

10(1 

3 

16760 6 


10755 7 

16759 

5965 )() 

4 

2 

167G:T3 


16758 1 

16761 

5905 05 

8 

3 

16761 8 


16759 4 

16762 

51)0:{ 98 

1 

1 

1 67)57-8 


16762 4 


590:i-7l 

5 

2 

16768 1 


16763 2 


590;i :;o 

1 

2 

1 67<)9 2 


16761-:} 


5902 05 

10 

1 

16771 1 


16766 2 


5902 95 

ti 

1 

16771-9 


16767 0 


5901 H9 

.5 

1 

1G773 2 


16768 3 


5901 59 

8 

3 

16774 0 


16769 1 


5900 S2 

8? 

2 

16776 2 

i 1G77T;{ 


5900 .18 

2 ) 



16777-4 

! 16772 5 


5900 i:i 

1) 

3 

16778-2 

1 1677;>>:? 


.5959 8 1 

.5 

2 

16779-0 •! 

1 16771-1 


5959 ;19 

0 

2 

16780 2 

1 16775 3 


.5959 1 1 

(1 

2 

I 16780 9 1 


16776 0 


5958 98 

8 

— 

1 16781 4 j 


16776 5 


5958 85 

12 

5 

16781-8 j 


16776 9 

16779 

5958 OS'! 
5958 12/ 

12 

.5(1 

16782 9 1 


16778 0 

16781 

5958 02 

12 

.5 

16784-1 , 

16779 2 

16782 

,5957-9r» 

1 ? 

— 

16784 9 


16779 4 


5957 :i7 » 

r 


10785 9 


167S1-0 


5957-27/ 

.1 


1 0780-2 


10781 3 


5950 70 

8? 


16787-6 


10782 7 

16785 

5950 50 

9 

1 

10788-4 


167S:} 5 

16780 

5955-90 

0 

2 

16790*1 


10785-2 


5955 10 

11 

5 

16792 3 


10787-4 

16790 

5951 01 

0 

2 

16793-7 


10788 8 


595:i 88 

;w 

— 

1G795 8 


16790 9 


595:i 01 

8 

2 

167965 


16791-6 

16795 

59.52-81 

8 

— 

16798 8 


16793 9 4 

16797 

5951 -08 

10 

5 

16802 0 


1 (>797-1/ 

.5951-50 

8 

2 

16802-6 


16797-0 


.5951 -05 

1) 

:i 

16K03-7 


10798-8 

16801 

5950-91 

4? 

— 

16804-2 


16799-3 


5950-41) 

10 

1 

16805-3 


1 6800- 4 

i 16803 

59.50 :jr> 

8 

2 

16806-7 


16800-8 


59 19 92 

U 

4 

16807-0 


1 6802 1 

1 10804 

5949-80 

7 

1 

16807-3 


16802-4 4 

1 1G805 

5949-69 

5 


16807-6 


16802-7/ 
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BEPORT — 1891 


The Telluric Lines op tub Solar Spectrum — continved . 



1 Intensitv 


Kediic- 

Oscillation Frequency 

Bockor 



Oscillation 

iu A'ncuo 


Mod mm 
Altitude 

(ion to 



(Rowlaiid) 

Fro<]Ucncy 

Horizon 

Vacuum 

liOiviaud 

Anj^strom 

5949-42 

10 

6 

16808-4 

4 9 

16803 51 

16807 

5949-25 

11 

6 

16808-8 


16803 9/ 

591918 

2? 

— 

16809-0 


16804 1 

16808 

6948-96 

8 

3 

16809 7 


16804-8 


bi)^S-7S 

41 

— 

16810 2 


16805 3 


6948 35 

10 

2 

16811-4 


1 681)6-5 


694 T 54 

8 

3 

16813-7 

50 

1 680S 7 


5947 24 

12 

6 

16814 5 


16809 5 

1(5811 

5947 02 

11 

5 

16815-1 


16810-1 

1(5813 

6946-78 

4 

— 

16816-0 


16811 0 


6946 IH 


— 

16817 5 


16812 5 


6916-14 

12 

6 

16817 6 


16812-61 

16816 

6945 81 

10 

4 

16818 6 


168 13 6J 

5945-39 

10 

4 

16819 8 


1681 1-8 

1(5817 

6944-8 4 

10 

4 

16821 3 


1681(5 :5 

1(5819 

^944-42 

10.1 

5 

16822*5 


16817 5 

1(5820 

6943-58 

3? 

f> 

16821 9 


1(5819 9 

1(5822 

6943 22 

3? 

2 

16825 9 


16820 9 


5912-73 

12 

6 

1<;827 3 


16822 31 

16S20 

6042 57 

12 

0 

16827 7 


1(5822 7 / 

5942-35 

8 



16828 4 


16823 1 

16827 

6941-73 

10 

6 

1C830-1 


16825 1 \ 

1 6828 

5941-1 9 

11 

6 

i<;8:u 6 


1(5826 6 J 

6941 01 

8 

4 

16832 2 


16827 2 

](5S:50 

6940 54 

9 

4 

16833 5 


16828 5 

1(5832 

5940 27 

4 

___ 

16834-2 


16829 2 


5940 03 

8 

3 

16831 9 


16829 9 

16833 

5938 72 

7 

2 

1<)838 6 


1(5833 6 


5938 41 

4 

— 

16839 5 


16831 5 


5938-21 

9 

4 

168101 i 


16835 1 

16837 

5938 01 

8 

i 

16840-6 


16835 6 

1 

5937 58 

8 

2 i 

16841 9 


16836 !» 

1 

5937-37 

6 

1 I 

16842 5 


16837 5 

1 

5937 22 

2 


16812 9 


16837 9 

1 

5936 85 

4 

2 1 

16814-0 


168.59 0 


5936-42 

4 

2 1 

16815 2 


16810 2 


6935-96 

10 

4 1 

1<;846 5 


16811 5 

t 16846 

6935 66 

2 

^ 1 

16847 3 


16812 3 


6935 38 

7 

2 ' 

16818-1 


1(5813 1 

16817 

6934-32 

0 

1 2 1 

16851 1 


16816 1 

1(5819 

6934-14 

4 

1 — i 

16851 

1 

l(;816-(5 


6933 91 

7 


16852 3 

1 

1(58 1 7 31 

16851 

6933-16 

5 


16854 4 

168 1!) 1 J 


6932 96 

11 

r> I 

16855 


16850 0 


6932-51 

3 

1 1 

10856*3 

16851:5 


6932-28 

12 

6 i 

16856-9 


168519 ’ 

1 (5855 

6932-13 

3 

1 

16857 4 


1 6852 1 1 ! 

16857 

593M7 

8 

3 

16860 1 


16855 1 J 1 

6930-77 

8 

2 

16861 2 


16856-2 


6929-57 
6929 25 

r> 

9 

1 

2 

16864*(> 

16865-5 


16859 61 

16860 5j’ 

1 6862 

6928-99 

! 9 

3 

16866-3 


16861 3 ^ 

1 (5863 

6928-69 

4 

— 

16867-1 


16862 1 j 


6928-53 1 
6928-43/ 

lid 

5 

16867-7 


16862 7 


6927-86 

6 

— 

16869*5 


1G861-5 

16868 
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The Tellubio Lines op the Solar Spectrum — continued . 


Becker 

(Kowlaud) 

Inter) 

Horizon 

isity 

Medium 

Altitude 

Oscillation 

I're<iueney 

Reduc- 
tion to 
Vacuum 

Oscillation 
m Va 

Rowland 

5926 94 

5 

2 

16872-1 

5-0 


1G867-1 

5926-74 

8 

2 

16872-7 



16867-7 

5026-29 

4 

1 

16874 0 



16869-0 

5025 82 

4 

1 

16875-3 



16870-3 

5025-19 

12 

5 

16877 1 



16872-1 

5024-06 

6 

1 

16877-7 



16872-7 

5024-49 

12 

6 

16879 1 



16)871 1 

5923-98 

11 

5 

16880-5 

i 


16875-5') 

5923-82 

11 

5 

16881-0 



1687G 0 / 

5923-39 

7 

3 

16882 2 



16877 2 

5022-87 

[) 

3 

16883-7 



16878-7 4 

5022-66 

10 

4 

16884 3 



16879-3/ 

5922-64 

H 

4 

l(;881-7 



16870 7 

50-21-83 

7 

3 

16886-7 



16881-7 

5021-391 

6(1 

3 

16888-1 



16883 1 

5921 25 j 







5020 73 

10 

4 

16889 8 



16.884-8 

5020 20 

6 

2 

16.891-1 


16.886 1 

5010 S3 

12 

6 

16892 4 


16887-1 

5010 22 

12 

6 

16894-1 

1 

16880-1 

5018 62 

12 

4 

16895-8 

1 

16800 8 

5018 08 

7 

2 

16897-4 


16802 1 

501 7 5:1 

8 

3 

1 6898 9 

1 ' 

16,893 9 

5017 20 

5 

_ 1 

1 6899 6 

1 

16891 G 

5016-03 

(\ 

0 j 

1 16900 6 

i 

16805 0 

5016 77 

7 

i 2 ' 

16901-1 

I 

16806, 1 

5016 21 

6 

2 

! 16902 7 

1 

16807 7 

5015-77 

9 

4 

1 16901-0 


16)809 0 

501 5 52 

0 

4 

1 16904-7 


16,890 7 *) 

5015 06 


4 

16.906 0 


16001 0 1 

501 1-61 

4 

1 

1 16907 2 

! 

16002 24 

5013 02 

4 

1 

1 16.909 3 

1 

16,001-3 J 

‘ 5013 15 

10 

4 

i 169115 

i 

16.006-5 

5012 82 

8 

3 

16.912 4 


16907-4 

5012 70 

H 

3 

16912 7 


16907 7 

5012-15 

7 


16011-3 


16909 3 

501 1 00 

7 

<> 

16014 8 


16909 8 

5011-56 

5 


16.916.0 

i 

16.911 0 

50 1 1 33 

5 


16.916 7 


KiOll 7 

501 1 05 

3 1 



16917-5 

i 

16912-5 

5010 05*) 

11/1 


16917-8 

1 

16912 S 4 

501087/ 

1 la 


16.918-0 

1 

16,913 0/ 

591 (>79 

4 


16.91 8-2 


i 16913-2 

5910-32 

3? 

— 

16.91I66) 


1 16914 6 , 

5910-25 

iia 

1 

16019-8 


16914 8 

5909 57 

7 

3d 

16021-7 


1691(J-7 

6009-14 

10 

5 

16022 9 


1G917 9 4 

5908 85 

3 

1 

16.923-8 


16918 8/ 

5908-36 

9 

4 

16925 2 


16920-2 

5907-98 

9 

5 

16926-2 


1692 1-2 

5907-58 

H 

3 

16927-4 


1 6922*4 

5907 12 

8 

4 

16927-9 


16922 9 

5907-16 

6 



16.928 6 


16923-6 

5006-53 

6 

2 

16.930-4 


16926-44 

5906-38 

6 

2 

16930-8 


16925-8 / 

6906-08 

6 

— 

16932-8 


16927-8 


Angstrom 


168G9 


1G877 

1C881 

1C882 

16885 

1G886 

1G888 


16803 

16801 

16806 


16900 

1G901 

16002 

1 6003 

16006 

16000 


16016 


16018 

16010 

16021 

16023 

16023 

16025 

16927 

1G928 
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REPORT — 1891 


The Telluric Lines of the Solar SPECTRUM~<j(?«^mwe<?. 


Becker 

(Rowland) 

Intensity 

Oscillation 

Frequency 

Reduc- 
tion to 
Vacuum 

Oscillation Frequency 
in Vacuo 

Horizon 

Medium 

Altitude 

Rowland 

Ani^strom 

5005-46 

9 

3 

16933-5 

6-0 

1 6028-5 

16032 

5005-25 

7 

1 

16934 1 


16020-1 \ 


5901 07 

6 

3 

16931 9 


16020 0/ 

1G%)32 

5004-5B 

5 

3 

16036-2 


1 6031 2 


5001 16 

8 

3 

1 6037 -2 


16032 2 


500 1 04 

8 

3 

16037-6 


16032-6 


5003 87 

7 

4 

160380 


1693:5 ()'( 


5003 64 

0 

2 

16038-7 


1 (.‘65:5-7/ 

1 603 i 

5003. 31 

(1?) 

3 

1 6!)39 6 


16031 6 

16038 

5002 00 

5 

2 

16010 8 


1(;‘.)35 8 


5002 73 

4 

— 

16041-3 


160.36-3 


5002 53 

5 

4 

16041-9 


160.56 0 


5002 25 

10 

3 

16942-7 


160:57 7 

16041 

5002 1 3 

8 

3 

16043 0 


160.58 0 


5001 -62 

12 

7 

16011 5 


16039 5 


5001-13 

9 

3 

160 15-0 


16!M()-0 

16014 

5001-07 

8 

3 

1604<; 1 


1(5011 1 


5000 GO 

7 

<> 

16!H7 4 


16012 4 

1 60 15 

6000 22 

11 

(i 

160 IS 5 


1 60 1 :5 5 

16017 

5000 00 

10 

5 

16040 0 


16011 0 

16018 

5800-17 

10 

1 

16951 5 


16016 5 

16010 

6808 04 

6 

1 

16052-2 


16017 2 

1 6050 

5808 56 

6 

2 

1 6053-3 


160 IS 3 

16051 

5808 33 

11 

7 

1G0510 


K.'.MO 0 

J 6053 

5808 10 

6 

2 

16051 6 


16010 6 


5807'IU) 

6 

— 

16055 2 


160.-j() 2 


5807-58 

0 

1 

16056-1 


J60.H 1 

1 6054 

5807 22 

6 

— 

16057-1 


16052 1 

1 6055 

6806 07 

' 10 

1 

16057 8 


1G0.52-H 

J605G 

6806-72 

4b 

— 

16058-6 j 


1 605.3 G 


6806-58 

11 

4 

16050 0 , 


16051 0 

16957 

5806 37 

6b 

__ 

1 6050-6 i 


1(50.54 6 


6805 89 

6 

2 

16061 -0 


1605(5 0 


6805 64 

lb 

— 

]6!>61-7 


1(5056 7 


5805 26 

10 

3 

16062-8 


16057-8 

16060 

6805 11 

10 

3 

16063 2 

1 

16058 2 

1 1 (10(52 

5801 71 

5 

i 1 

16064-1 


160501 

16063 

5801 51 

0 

! 4 

16061 9 


16050 9 


5803 88 

1? 

' — I 

16066-8 


16061-8 


6803 72 

10 

4 

1 6067 2 


16062-2 

16065 

5803 52 

4 

1 

16067 8 


16062 8 


5803 21 

0 

4 

16068 6 


1 606.3 6 

1 6066 

5802 88 

6 

4 

16060 6 


16:*r,} 6 

16067 

6802 50 

10 

5 

16070 5 


16065-5 

16068 

6802 10 

(3?) 

1 

16J>71 0 


161166 0 


6802 00 

4 

2 

16071-0 


16066-0 


6891 87 

11 

5 

16072 5 


16067-5 

1(5970 

6801-73 

10 

4 

16072-9 


1G067-9 

16071 

6801 37 

8 

5 

16074-0 


16060 0 

16972 

6801-11 

C 

1 

16074-7 


16060-7 


5800-02 

7 

1 

16075 3 


16070-3 

16073 

5800-12 

7 

1 

16076-7 


16071-7 


6800 34 

14 

— 

16077-0 


16072 0 


6880-78 

11 

5 

16078-6 


16073 6 

16077 

6880 23 

6 

2 

16080-2 


16075-2 


5888-86 

9 

4 

1C081-2 


16076-2 

16080 



ON WATTE-LBNGTH TABLES OE THE 8PECTBA OP THE ELEMENTS. 251 
The Tkllubic Lines of the Solab continued . 



1 Intensity 


Rcduc- 

Oscillation Frequency 

Becker 

(Rowland) 



Oscillation 

Frequency 

in Vacuo 


Medium 

Altitude 

tion to 



Horizon 

Vacuum 

Rowland 

Angstrom 

5888 01 

7 

3 

16083*7 

6*0 

16978*7 


5887'82 

9 

5 

16984*2 


16979*2 

16982 

5887-(>() 

4b 

1 

16084 8 


16979-8 


6887 86 

10 

6 

16086 5 


16980-5 

16984 

5887-10 

3 

1 

16086 3 


16081-3 


5886 81 

G 

1 

16087*0 


16082-0 


5886-55 1 
5886*51 / 

9 

4d 

16087-0 


16982 0 

16085 

5886 81 

3b 



16988 5 


16983-5 


6886 12 

lOd 

5 

16080*1 


16084 1 

16987 

5885 77 

G 

2 

lGOOO-1 


16985 1 

16988 

5885-68 

G 

2 

1G000 4 


16085 4^ 

16089 

5885 02 

3? 

2 

16002*3 


16987-3/ 

5881 68 

4 ! 

2 

16003*3 


16988-3 


5881-31 

8 

o 

16004*3 


16989 3 


5881-01 

11 

7 

16096*1 


16000 1 

16994 

5883 52 

4 

1 

16006*6 


16091-6 

16995 

5883*12 

8 

2 

16007*8 


16992-8 


5882 02 

8 

3 

16008*4 


16993-4 


5882 58 

6 

— 

16000*4 


16094-4 

16997 

5882-51 

6 



16000 6 


16091-61 

16998 

5882 02 

8 

3 

17001-0 


16006 0/ 

5881 01 

8 

3 

17001*3 


16096-3 


5881*70 

6 

— 

17001*6 


16006 G 

17000 

5881 53 ) 
5881 15 J 

(•V) 

Id 

17002*5 


16997-5 


5881-21 

8 

3 

17003 3 


16908-3 


588 1-03 

8 

3 

17003 8 


1 6008 8 


5880 81 
5880-65 1 
5880 50 J 

8 

6d 

2 

3 

17004*4 

17005 0 


16009-4 

17000 0 

17003 

5870-98 

G 

4 

17006 9 


17001-9 

17004 

5870 77 

9 

4 

17007*5 


1 7002-5 


5870-64 

9 

4 

17007*8 


17002-8 

17007 

5870-21 

7 

1 

1 7000-0 


17004 0 

17008 

5877 6t; 

6 

1 

17013*6 


17008 6 


5877-13 

6 

2 

17014-2 


17009 21 

17012 

5877-21 

4 

1 

1701 1*9 


17000-0/ 

5877 01 

3 



17015*4 


17010-4 

17013 

5876 14 

9 

3 

17017*1 


17012-1/ 

17016 

5876 22 

0 

3 

17017*7 


17012-7/ 

5875 71 

9 

3 

17010-2 


17014-2 


5875 55 

5 

1 

17010-7 


17014-7 


5875 24 

5 

3 

17020-6 


17015-6 

17019 

5874 77 1 
5874 68 j 

4d 

2 

17022-1 


17017*1 

17020 

5874 37 

4 • 

1 

17023*1 


17018-1 


5874-02 

5 

2 

17024*1 


17019-1 i 


5873-71 

7 

o 

17025 0 


17020-0 i 


5873 37 

G 

5 

17026*0 


17021-0 


5872 37 

5 

Id 

17028*9 


17023 9 


6872-00 

4 

1 

17020*7 


17024*7 


5871 85 

4 

1 

17030*4 


17026*4 


5871 38 

9 

3 

17031*8 


17026*8 


6871-26 

5 



17032*1 


17027*1 


5870-73 

9 

3 

17033*7 


17028*7 




252 


KEPOET — 1891. 

The Telluric Lines of the Solar Spectrum— 


Becker 

Intensity 

Oscillation 

Reduc- 

Oscillation Frequency 



tion to 


(Rowland) 

Frequency 

Horizon 


Vacuum 




Altitude 


Rowland 

Angstrfim 

6860-94 

0 

3 

17030-0 

60 

17031*0 


5860 82 

0 

3 

17030-3 


17031-3 


6868 89 

7 

2 

17030-0 


17034 0 


6867-71 

9 

6 

17042-4 


17037-4 


6866-91 

4 

2 

17046-5 


17041-5 


6866 00 

7 

2 

17047-7 


17042-7 


6866-6(> 

7 

2 

17048 4 


17043-4 


6864 90 

4 

1 

17050-0 


17045-6 


6864 98 

0 

3 

17052-1 


17047-1 


5868 87 

4 

1 

17056 0 


17060 0 


5868-18 

4 

— 

17056-0 


17060 G 


6861 86 

6 

2 

17069 4 


17054-6 


6861-77 

0 

2 

17050-7 


17064-7 


5850 78 

10 

8 

17005-0 


17C60-6 


6860-04 

3 

— 

17007-0 


17062 0 


6867-18 

4? 

2 

17073 2 


17068 2 


6854-07 

5 

2 

17079-5 


17074 5 


5854-52 

4 

2 

17080 8 


17075 8 


5858-48 

(4?) 

3 

17084-0 


17079 0 


5853-20 

(1?) 

2 

17084-4 


17079-4 


6851-52 

8 

3 

17080-0 


17084 6 


6851-84 

3 


17000-1 


17085 1 


6851 06) 
5860 07/ 

8 

Id 

17091-1 


1708G1 


6840-80 

6 

3 

17094-3 


17080 3 


5848 82 

5 

1 

17097 6 


17002 5 


6846 00 

(4?) 

2 

17106-4 


17100 4 


6845 70 

8 

1 

17106-4 


]71()1 4 


5845-15 

(1?) 

1 ^ 

17108-2 


17103-2 


684 1 00 

pj 

i 2 

17111-0 


1710G0 


5842 87 

() 

* 2 

17114-0 


17100 9 


6842 63 

6 

‘ 2 

17115 0 


17110G 


6812-20 

3? 

2 

17116 0 


17111-0 


6841-33 

4 

1 

17119-4 


17114-4 


6841 02 

(> 

1 

17120 3 


17115 3 


5839-84 

4 

2 

17123-8 


17118 8 


6830 61 

5 

2 

17124-4 


17119 4 


5838-00 

4 

3 

17126-5 


17121-5 


5838 64 

G 

3 

17127 3 


17122 3 


6838 4 4 

4 

2 

17127*9 


17122 9 


6837 40 

4 

1 

17130-7 


17125-7 


5830-62 

4 

1 

17133 2 

6-0 

17128 2 


5835-80 

5 

3 

17135-0 

6 1 

17J30-5 


5834 78 

4? 

2 

17138-0 


17133 5 


6831-20 

8 

4 

17140*3 


17135-2 


6833-51 

4 

1 

17142*4 


1 17137 3 


6832 64 

4d 

2 

17144-9 


17130-8 


6832-07 

4 

1 

17116-6 


17141-5 


6831 55 

4 

— 

17148-1 


17143-0 


6831-14 

4d 

2 

17149-3 


171442 

1 

5830-28 

6 

2 

17151*8 


17146 7 


5830-00 

4 

2 

17152-5 


17147-4 

I 

6829-60 

4 

2 

17154-0 


17148-0 


6828-00 

4 

2 

17155 9 


17150-9 


6828-40 

5 

1 

17167-1 


17152 0 


5827-80 

7 

1 

' 17158-9 


17153-8 

1 1 



ON WAVR-LENGTH TABLES OF THE SPBCTBA OF THE ELEMENTS. 253 
The Telluric Lines op the Solar Spectrum— 


Becker 

Intensity 

Oscillation 

Reduc- 

Oscillation Frequency 
in Vacuo 


Medium 

Altitude 

tion to 


(Kowland) 

Frequency 

Horizon 

Vacuum 

Rowland 

Angstrom 

6827 13 

(3?) 

2 

17161-1 

6-1 

17156 0 


6826-47 

(3?) 

2 

17163-0 


17167-9 


6825’32 

4? 

2 

17166-4 


17161-3 


5824 90 

4 

— 

17167-7 


17162-6 


5824-61 

4 

2 

17168 5 


17163 4 


5823-82 

4 

2 

17170-9 


17166-8 


6823 53 

6 

— 

17171-7 


17166-6 


6823-36 

(3?) 

2 

17172-2 


17167-1 


6823-13 

(3?) 

2 

17172-9 


17167 8 


6822-66 4 



17174-6 


17169-5 


6822-50/ 


13 

17174-8 


17169-7 


6822 27 

4? 


17175-4 


17170-3 


5822-10 

4 

3 

17176-9 


17170 9 


6821-61 

3 

2 

17177-7 


17172-6 


6821-23 

3? 

— 

17178 5 


17173-4 


6821-12 

3? 

— 

17178-8 


17173-7 


6820 98 

3 

1 

17179-2 


17174-1 


6820-62 

4 

1 

17180-3 


17175-2 


6820-13 

4? 

2 

17181-7 


17176-6 


5819-61 

3 

2 

17183-6 


17178-6 


6819-07 

4 

— 

17184-9 


17179-8 


5818-76 

4 

2 

17186-8 


17180-r 


6818-34 

6 

2 

17187 0 


17181 9 


5818-18 

(3?) 

2 

17187-6 


17182-4 


6817-79 

4 

1 

17188-7 


17183-6 


6817 69 

4 

1 

17189-2 


17184-2 


5817 00 

4 

2 

17191-0 


17186-9 


6816-80 

4 

2 

17194-6 


17189-4 


6815 30 

(^'0 

4 

17196 0 


17190-9 


6811-961 

6814-87/ 

(5?) 

6cl 

17197-2 


17192 1 


6813 74 

4 

2 

17200-6 


17195-5 


5813-13 

4 

2 

17202-6 


17197-4 


6812-76 

3 

2 

17203-6 


171 98-5 


6811 61 

3 

1 

17207 0 


17201-0 


6811-36 

2? 

— 

17207-7 


17202-6 


6809-94 

3 

— 

17211 9 


1720G-8 


5809-70 

4 

1 

17212-6 


17207-5 


5809-07 

4 

o 

17214-6 


17209-4 


5808-84 

3 

— 

17215-2 


17210-1 


5807 86 

4 

2 

17218-0 


17212 9 


5806-79 

47 

— 

17221-2 


17216 1 


6806-14 

4 

1 

17222-3 


17217-3 


6806-14 

3 

1 

17223-2 


17218 1 


5805-14 

3 

2 

17226-1 


17221 0 


6804-07 

3 7 

— 

17229-3 


17224 2 


6803-57 

5 

1 

17230-8 


17225-7 


6803-16 

3 

1 

17232-0 


17226-9 


6802-91 

4 

1 

17232 7 


17227-6 


6802-74 

4 

1 

17233-2 


17228-1 


6802-63 

3? 

2 

17233-9 


17228-8 


5802-40 

3 

1 

17231-3 


17229-2 


5802-03 

3? 

2 

17235-4 


17230-4 


6801-39 

4 

2 

17237-3 


17232-1 


5801-04 

5 

2 

17238-3 


17233-3 


6800-78 

5 

1 

17239-1 


17^^34-0 

1 



254 


HBPOBT — 1891. 

The Tellukic Lines ov the Solae 8iPBCTUVM.~contmued. 


Becker 
(Ro^\ laud) 

Intensity 

Oscillation 

Frequency 

Reduc- 
tion to 
V acuum 

Oscillation Frequency 
in Vacuo 

Horizon 

Medium 

Altitude 

Ko-ivland 

Ang^trom 

C800 17 

3 



17240-9 

5-1 

17235 8 


5800-01 

4 

2 

17241-4 


17236 3 


5799-40 

6 

1 

17242-9 


17237 8 


5799-25 

(3?) 

2 

17243 G 


17238 5 


5798-06 '( 

4ci 

1 

17215-4 


17240 3 


6798-61 / 







5798-:m 

9 

6 

17210 3 


17241-2 


6798-24 

4 

— 

17216-0 


17241-5 


6798-03 

9 

G 

17247-2 


17242 1 


6797-77 

4 

2 

17248 0 


17242-9 


5797-63 

3 

— 

17248-7 


17243 6 


6797-32 

2 

1 

17249-3 


17244 2 


6790-99 

4 

2 

17260-3 


17245 2 


6796-05 

4 

— 

17251-3 


17216 2 


6796- 12 'i 
6796 28/ 

(4?) 

4d 

17252-2 


17247 1 


6796 10 

4 

1 

17263-0 


172179 


6795-77 

3 

1 

17254-0 


17248 9 


6795-51 

2 

1 

17264-7 


17249 6 


6795-31 

3 

2 

17255 3 


17250-3 


6794-93 

2 

1 

17250 5 


17251-4 


5794-71 

2 

— 

17257 1 


17252 0 


6794-51 

4 , 

2 

17257-7 


17252 6 


6794-02 

6 

— 

17259 2 


17254-1 


6793-67 

4 

1 

172G0-2 


17255 1 


6793 06 

3 

— 

17262-0 


17256 9 


6792-301 
6792-15 / 

4a 

2 

17201-5 


17259-1 


6791 84 

4 

2 

17205-7 


17200 6 


6791-48 

3 

1 

17266 7 


17261 6 


6791-01 

4 

— 

17268 1 


17263 0 


6790 33 

6 

3 

17270-2 


17265 1 


6790 05 

4 

2 

17271-0 


17265 9 


5789-80 

2 

— 

17271-8 


17266-7 


6789-35 

5 



17273-1 


172080 


6789 03 

6 

2 

17274-1 


17269 0 


6788 87 \ 

4a 

2 

17274-7 


17206 6 1 


6788*76 / 







6788 31 

4 

1 

17276 2 


17271 1 


6787-63 

2? 

1 

17278 2 


17273-2 


6787 11 

6 

2 

17278-9 


17273-8 


5787-19 

6 

3 

i 17279-5 


17273 4 


6786 91 1 
6786 70 J 

sa 

1 

17280 G 


17275-1 


6782 07 

4 

1 

17293-1 


17288-1 


6782 05 

4 

— 

17294*9 


17289 8 


6780 34 

5 

1 

17300-0 


17294-9 


5779-50 

4 

2 

17302-5 


17297-4 


5778-11 

3 

1 

17306-7 


17301 -G 


5777-83 

3 

1 

17307-5 


17302-4 


6770 56 

6 

— 

17311-3 


17306-2 


6770 31 

4 

2 

17312-1 


17307-0 


6770-19 

0 

— 

17312-4 


17307-3 


6775-82 

3 

1 

17313-C 


17308-6 


6775-60 

3 

. — 

17314-2 


17309-1 


6774*05 

4 

2 

173171 


17312-0 




ON WAYE-LENaTH TABLES OF THE SPECTRA OF THE ELEMENTS. 255 
The Tellueio Lines op the Solar Spectrum — continued. 


Bpcker 

(Rowland) 

Intensity 

Oscillation 

Frequency 

Reduc- 
tion to 
Vacuum 

Oscillation Fiequency 
in Vacuo 

Horizon 

Mciliuin 

Altitude 

liowland 

A ugstrom 

r>774'38 

4? 

3 

17317-9 

5*1 

17312 8 


6774-15 

4? 

3 

17318-0 


17313 5 


5773-79 

3 

2 

17319 6 


17314*5 


5773*34 

7 

2 

17321*0 


17315*9 


5773-10 

7 

2 

17321*5 


17310 4 


5772 88 

4? 

— 

1 7322- 1 


17317-3 


5772*77 

8 

2 

3 7322 7 


17317 6 


5771*81 

7 

2 

17325 0 


17320 5 


5771 70 

6 

— 

17325 9 


17320 8 


5771*53 

0 

2 

17320 4 


17321-3 


5770*89 

2 

1 

17328*3 


17323 2 


5770 41 

7 

1 

17329 8 


17324 7 


5770 :u 

4 

1 

17330 1 


17325 0 


5709*00 

7 

1 

17332 2 


17327 1 


57(;9*38 

6 

2 

17332*9 


17328 8 


5708 Jl 

3 

— 

17334 9 


17329 8 


57(58*55 

5 

2 

17335*4 


17330 3 


5707 81 

3 

1 

17337 5 


17332-4 


5707 32 

8 

2 

17339*1 


1 7334 0 


5707 13 

3 

_ 

17339 (*> 


17334 5 


5700 47 

0 

2 

17341 0 


17330 5 


5700*08 

3 

1 

17312 8 


17337-7 


5705*88 

2? 

— 

17313 4 


17338 3 


5705 70 

2 

1 

17313 9 


17338 8 


5705 11 

2 

1 

1 73 15 () 


17340-5 


5704*84 

2 

1 

1731()*5 


173 41 4 


5701 18 

4 

1 

17347*0 


17342 5 


5704 15 

(3 0 

2 

17318 0 


17343 5 


5703 04 \ 

8 

2 

17350 1 


17315 0 


5703 55 j 

7 

2 

17350 4 


17345 3 


5702 70 

3 

1 

1 1 7352*8 


17347-7 


570 1-75 

8 

3 

17355*8 


17350-7 


5701 30 

3 

2 

17357 0 


17351 9 


575^1 72 

(I'O 

3 

17302 0 


17350 9 


5759-39 

5 

1 

17303 0 


17357 9 


5759 0 1 

5 

2 

1 7304-0 


17358 9 


5758 59 

4 

2 

17305 4 


17360 3 


5758 08 

3 

2 

17300*9 


17301 8 ! 

5757 05 

3 ^ 

2 

17308 2 


17303*1 


5757*41 

:{ 

— 

] 7308 9 


1730;; 8 


5757-10 

5 

1 

17309-7 


17364*() 


5756-08 

3 

1 

17371-1 


17300 0 


5755 91 

r. 

1 

17373-5 


17308*4 


5755 04 

5 

2 

17371*3 


17309-2 


5754*37 

9 

2 

17378-1 


17373 0 


5754 13 

5 

2 

17378-8 


17:i73 7 


5753*55 

3 

1 

17380*6 


17375 5 


5753*13 

8 

3 

17381-8 


17376-7 


5762-08 

3 

2 

17383*2 


17378 1 


5751*99 

0 

2 

17385-3 


17:180-2 


6750*74 

4 

2 

17389-1 


17384*0 


6750*56 

3? 

— 

17389-0 


17384*5 


6749 19 

4d 

2 

17392 9 


17387-8 


6748*12 

7 

5 

17397-0 


17391*9 


6747*83 

7 

6 

17397-9 


17:i92*8 


6747*45 

3 

1 

17399*0 


17393 9 




256 


BEPOKT — 1891 


Thb Telluric Lines op the Solar Spectrum — oontimied . 



1 Intensity 

1 

Reduc- 

Oscillation Frequency 

Becker 



Oscillation 




tion to 


(Rowland) 

Frequency 

Horizon 

Altitude 

Vacuum 





Rowland 

Angstrom 

5747-02 

3 

1 

17400-3 

5-1 

17395 2 


5740-07 

3 

1 

17401-4 


17390-3 


6715 92 

10 

2 

17403-7 


17398-0 


5745 44 

4 

1 

17405 1 


17410 0 


5745 05 

9 

1 

17400-3 


17401 2 


6711-37 

3 

1 

1740S-3 


17103-2 


6744 11 

2? 

— 

17109 1 


17404-0 


6713-94 

6 

2 

17409-7 


17404-6 


67 13-58 

0(1 

2 

17410-8 


17405-3 


6742-72 

4 

1 

17413-4 


17408-3 


6742-30 

10 

1 

17414-6 


17409 5 


6741-49 

4? 

2 

17417-1 


17412-0 


6741-10 

4 

2 

17418-3 


17413 2 


5740 19 

4 

2 

17121 0 


17415 9 


6739 59 

4? 

3 

17422-8 


17417-7 


6739-14 

4 

1 

17421-2 


17419 1 


6738 57 

4 

3 

17420-0 


17420 9 


” 6738-30 

5 

2 

17420-8 


17421 7 


6737-82 

11 

2 

17428-2 


17423 1 


5737 53 \ 
5737 38; 

5 

2d 

17429 3 


17424-2 


6737 10 

s. 

2 

17430 2 


17425-1 


5736 49 

4 

1 

17432-3 


17427-2 


5735 90 

3 

— 

17433 9 


17428-8 


5735 74 

9 

2d 

17434 6 


17429 5 


6735 20 

4 

2 

17436 2 


17431 1 


5734-06 

4 

1 

17437-8 


17432-7 


5733 80 

7 

1 

17440-4 


17435 3 


6733 271 
6733-11 / 

8 

2d 

17412 3 

5 1 

17437-2 


6732 77 

4 

1 

17443-6 

52 

17438-4 


6731 40 

4 

2 

17447-6 


17412 4 


5731 02 

4 

2 

17448-9 


17413 7 


5730 27 

5 

1 

17151 2 


174460 


6729 95 

9 

2 

17452 2 


171470 


6729-78 

9 

2 

17452 7 


1 7447-5 


5729-30 

4 ? 

2 

17454 1 


17418 9 


5728-92 

7 

2 

17455-3 


17460 1 


6728 58 

7 

2 

17456 3 


17451 1 


5727-95 

3 

1 

17458-2 


17153-0 


5727 70 

(4?) 

3 

17158-8 


17453-6 


5727 18 

10 

7 

17400 6 


17455 4 


5720 98 

<9 

3 

17461-2 


17450-0 


5720-79 

0 

— 

17401-8 


17456-6 


5720-10 

3 

1 

17403 7 


] 7458 5 


5720-00 

3 

1 

17464-2 


17459-0 


5724-70 

3 

1 

17468 2 


17463-2 


5724-54 1 

(4?) 

3 

17408 7 


174G3 5 


5724 12 ' 

9 

1 

17409-9 


17164-7 


5723-74 

4 

1 

17471-1 


17466-9 


5722-98 

2? 

— 

17473-4 


17408 2 


5722-34 

0 

2 

17475-4 


17170 2 


5722 07 

10 

2 

17476-2 


17471-0 


5721 U2 ' 

4 

1 

17476-6 


17471-4 


5721 05 1 

5 

3 1 

17479-3 


17472-1 


5720 51 1 

8 

2 1 

17481-0 


17478-8 




ON WAVE-LENGTH TABI.ES OF THE SFECTllV OF TJE ELEMENTS. 25 7 


The Telluric Lines op titb Solar Spectrum— 


Becker 

Intensity 

Oscillation 

Reduc- 

Oscillation Frequency 
in Vacuo 


Medium 

Altitude 

tion to 


(Howland) 

Frequency 

Horizon 

Vacuum 

Rowland 

Angstrom 

5719-94 

5 

2 

17482 7 

5-2 

17477-2 


5719-75 

11 

2 

1 7483 3 


17478-1 


5719-15 

8 

2 

17185-1 


17479 9 


5718-51 

4 

2 

17487 1 


17481-9 


5717-05 

9 

2 

17189-7 


17184 2 


5717-19 

4 

2 

17491 3 


17186-1 


5710 16 

(3 0 

3 

2 

1 749 1-3 


17489-2 


5715 87 

1 

17195 2 


1 7490 0 


5714 271 
571 1 21 / 

8 

4rl 

17500 1 


17491 9 


5712 76 

4 

2 

1 7501 7 1 

17499 5 


5711 09 

5 

1 

17507-9 1 

I 7502 8 


5711 50 

8 

1 

17508 5 

1 7503 4 


5710-97 

5 

1 

17510-2 

1 7 505 0 I 

5710 07 

4 

2 

17512 9 1 

1 7507 8 1 

5709 18 

3 

2 

17515 6 

17510 4 1 

5707 26 

7 

— 

1T52I 5 

175L7 3 


5700 00 

4. 

1 

17523-3 , 

17518-1 


5705 21 

(3?) 


17527-7 1 

17521 9 


5701 (u 

4 


17529-5 

17524 4 


5701-42 

7 

2 

17530 3> ; 

17525 1 


5701 05 

3 


17531 1 

1 7526 2 


5703 41 

6 

1 

1 7533-3 


1 7528 1 


5702-95 

5 


17531-8 


1 7529 6 


5702 12 

3 

1 

I 7537-3 


1 7532 1 


5700 90 

9 

2 

17541 I 


1 7535 9 

1 

5700 78 

3? 


17511-5 


17536 3 

1 

5700-17 

21 

1 

17513 3 


1 7538 1 

5(;90 52 

10 

4 1 

17515 ^ 


175101 

5699 1 1 

3 

1 1 

1 7540 5 


17541 3 

5698 93 

6 

1 

175 47-1 


17511 9 

5098 75 \ 

(5?) 

5 

17517-7 


17512-5 


5098 00 / 

1 

17518 2 


17 513 0 


5098 31 

10 


17549 1 


17543 9 


5097 92) 

4(1 

— 

17519-5 


17514 3 


5097-79 / 

— 

17550 1 


17515 2 


5097 51 

4 

1 

1 7551-5 


1 7546 3 


5097 31 
5090 90 

(3?) 

8 

2 

1 

17552 1 

1 7553 2 


J 7546 9 
17518 0 


5(;96 58 

4 

1 

17554-1 


J 7519 2 


5696 Oi; 

8(1 

3 

17556 0 


17550 8 


50‘)5 05 

3 

1 

17557 2 


J 7552 2 


5(i9 1 3 1 

(5 

1 

1 756 1 3 


17556 I 


5()93 70 

8 

— 

17563 1 


17557 9 


5693-38 

4 

2 

1 7564 3 


17559 1 


5692-91 

8 

2 

17565 7 


17560 5 


5092-57 

10 


17566 8 


17561 6 


5692-35 

4 

1 

17567 1 


1 7562 2 


5690-81 

4 

— 

17572 2 


17567 0 


5690-02 

10 

0 . 

17572 8 


J 7 5()7-6 


5090-42 

8 


17573 4 


17568-2 


5090 07 

5 


17571 5 


17569 3 


5689-74 

9 

3 

17575*5 


17570 3 


5689-20 

4 

1 

17577-2 


17572-0 


5688*74 

6 

2 

17578-6 


17573-4 


5687*80 

5 

2 

17581-5 


17576-3 



1891. 


s 



258 


EEPOUT — 1891 


The Telluric Lines of the Solar Spectrum — continued 


Rocker 

(Ko’VNlaiid) 

Intensity 

^l<c‘illntion 

Frequency 

11 educ- 
tion to 
Vacuum 

O.scilliition Fi-equciny 

in 

Horizon 

Mediuju 

Altitude 

Kon land 

An;^ >,110111 

5687 66 

10 

3 

17581 9 

5 2 

17576 7 


5686-49 

5 

3 

17585 5 


1 75SO 3 


5686 38 

(5?) 

4 

1 7585*9 


17580 7 


6685 97 

5 

1 

17587-1 


I 758 1 9 


5685 61 

8 

2 

17588 3 


1 7683 1 


5686 55 

4? 

— 

1 75 88 '5 


1 7583 3 


5685 28 

5 

2 

17589-3 


17581 1 


5684 05 

9 

3 

17593-1 


1 7587-9 


5682-98 

6 

— 

1759(; 1 


1 759 1 2 


5681-97 

8 

2 

17599 5 


17594 3 


5681 71 

3 

— 

17600 2 

1 I 7595 0 


5680 98 

6 

1 

17602-6 


1 7597 4 


5680-10 

5 

2 

1 76)05-3 1 

17600 1 


5679 79 

6 

2 

171)06-3 


17()01 1 


6676-91 

8 

2 

17615*1 


1 7609 9 


5674-79 

4 

1 

17621-8 


17616 6 


5674 4!) 

4 

— 

17622 7 

1 17617 5 


567142 

4 

1 

1 7622-9 

17617 7 


5674 15 

5 

1 

17623 8 

176 IS 6 


5672-07 

4 

— 

1 7630 2 

1 7625 0 


5671-58 

4 

2 

17631-8 

] 7626 6 


5670-50 

r, 

2 

17635-1 

1 7629 9 


5668-70 

3 


17610-7 

1 7635 5 


5667 94 

3 

1 

17643-1 j 

17637 9 


5666 03 

4 

2 

1 76 19 0 

1 7643 8 


5652-01 

(3?) 

2 

1 7692 8 I 

17687 6 


5631-37 

(2?) 

2 

17718 2 


17743 0 


6633-23 

(2?) 

2 

17751-8 


177 16 6 


5631 02 

(2 0 

2 

1 7758 8 

5 2 

1 7753 6 


5575*53 

3 

— 

1 7935 5 

5 

17930 2 


5548-72 

3 

o 

1 8022 2 


18016-9 

1 

5529 92 

3? 

2 

18083-1 


18078-1 


6523-03 

3 

1 

18106 1 

5 •> 

18100-8 


5520-23 

3 

1 

18115 2 

5 4 

18109 8 


5519-95 

(30 

2 

18116-1 


18110-7 


5519-11 

4 

1 

181179 


18112-5 


6516-49 

3 

2 

18127-5 


18122-1 


5516-0‘.> 

3 

1 

18128 8 

18123-4 


5515-52 

4 

1 

18130-7 

' 18125 3 


6513-91 

4 

2 

18136-0 


18130-6 


6511-37 

5 

2 

18144-3 


18138 9 


6509 6 1 

4 

2 

181 50-0 


18144 6 


5509-11 

2 

— 

18151 7 


18146-3 


5507-67 

(30 

2 

18166 5 


18161-1 


6506-57 

(30 

2 

18160-1 


18154 7 


6605-37 

4 

2 

18164-1 


18168 7 


6502-00 

3? 

— 

18175-2 


18169-8 


6500 44 

3 

2 

18180-4 


18176-0 


6499 70 

3 

1 

18182-8 


18177-1 


6499-39 

3 

— 

18183-8 


18178-1 


6499-05 

4 

2 

18185-0 

18179-6 


5498-56 

3 

__ 

18186'G 

' 18181*2 


6496-98 

6 

2 

18191-8 

18186-4 


6496-33 

3 

— 

18194-0 

S 18188-6 


5495-65 

4 

— 

18196-2 

18190-8 


6491-70 

3 

2 

18209-3 

18203 9 




ON WAVE-LENGTir TAliLKS OE THE SPECTliA OE THE ELEMENTS. 239 
The Telluric Lines op the Solar Spectrum— 



Intensity 


Keduc- 

Bodv'or 



Oscillation 

(Kouland) 

Horizon 

jNlcdiuin 
Altit udo 

Frequency 

tion to 
A^acuum 

5491 22 

4 

•> 

! 18210*9 

5 4 

5491*04 

(\0 

— 

18211 5 


5485*20 


2 

18230*9 


5181*28 

3 

1 

18233-9 


5482 76 

4 

2 

18239 0 


5482-09 

6(1 

4d 

18241 2 


5480 52 

(^0 


18246*4 


5179*51 

3 

2 

J 82 19 8 


5478-93 

4 

o 

18251*7 


5478 32 

7 

2 

1 8253*8 


5 475 11 

2 

— 

1 8263*5 


5173*51 

5 

.{ 

18269*7 


5470-35 

« 


18280 1 


5166*90 

6 

2 

JH291 9 


5166 17 

3, 

2 

J 829 1 4 


5465 47 

5 


1 8296 7 


5465 21 

6 

•8 

18297*6 


5464 8 1 

(8 0 


1 8298 8 


5462 59 

(7 0 

7 

J 8306 3 


5462 1 8 

.*> 

2 

18307 7 


5459-54 

7 


18316 6 


5159 05 

(:/) 

2 

18318 2 ! 

5458 65 


2 

1831 9 5 1 ! 

5457 62 

7 

1 

1 S323> 0 1 

5457 31 

4 


I8323>*9 


5 156 58 

8 

4 

1 M32(; 5 


5455-28 

4 

2 

1 8330 9 


5152-54 

3 

1 1 

18310 1 


5151 26 

4 

2 

18314*4 


5450 43 

4 

1 

18347 2 


5419 57 

5 

1 

18350 1 


6449-16 

4 

2 

18351*5 


5440 07 

4 

2 

18351 8 

5448 22 

6 

2 

18351*6 

6446 25 

3 

1 

18361*3 


6444*23 

4 

2 

18368*1 


5442 51 

7 

1 

18373 9 


5439*91 

3 

1 

18382*7 


5439*061 
6438*99 J 

6d 

1 

" t 

18386 <; 


6438*43 

4 

2 ! 

18387 7 


5438*16 

4 

2 

18388 6 


6437*36 

6 

I i 

18391*3 


6437*23 

(; 

1 

18391*7 


5435*76 

7 

- 1 

18396*7 


5436*49 

3 ! 


1 8397 G 


5434*92 

6 

1 i 

18399*5 


6134*04 

4 

2 

1 8402 6 


6431*82 

5 

3 

18410*0 


6431*60 

5 

o 

• 1 

18410*8 


6431*26 

3 

1 

18412*0 


5430*46 

4 

3 

18414*7 


5428*88 

7d 

3 

18420*0 


6428*78/ 

3 

18420*4 


6428*091 

6d 

3 

1 8422*7 


6427*89/ 

3 

18423*4 



Oscillation Frequency 
in Vacuo 


Lowland 

18205 5 
18200 1 
18225 5 
18228*5 
1 8253 G 
18235 8 
18211 0 
1824 1 1 
1824G 3 
18248-1 
18258 1 
18264 3 
18275 0 
18286 '5 
182890 
18291-3 

18292 2 

18293 4 
18300-9 
18302 2 
18311 2 
18312-8 

18316 1 

18317 6 

18318 5 
18321*1 
18325*5 
18334 7 
1 8339 0 
18311 8 
18344 7 
18348-1 
18348 1 

1 83 19 2 
18355-9 
18362 7 
18368 5 
18377 3 

18380-2 

18382-3 
18383 2 
18385-9 
18386-3 
18391*3 
18392 2 
18394-1 
18397*1 
18404*6 
18405*4 
18406 6 
18409*3 
18414-6 
18415*0 
18417-3 
18418-0 


A lit; Strom 


s 2 



260 


KEPORT 1891 


The Telluric Lines op the Solar Spectrum — continved . 



1 Intensity 


Reduc- 

Oscillation Frequency 

Becker 

(Rowland) 

_ _ 

— 

Oscillation 

in Vacuo 


Medium 

Altitude 

Frequency 

tion to 


Horizon 

Vacuum 

Rowland 

Angstiom 

5427 17 

5d 

2 

15425 8 

5 4 

18420-4 


6426 85 

Gi?) 

3 

18426-9 


18421 6 


6426-42 

(3 0 

3 

18428 4 


18423 0 


5425 96 

3 

2 

18429-9 


18124 5 


6425-09 

4 

1 

18132 9 


18427-6 


6423 66 

3 

— 

18437 7 


1 84:12 3 


6423 06 \ 
6422 98 J 

9d 

:>> 

18139 0 

1 

184;U 5 


6421-31 

7d 

5 

18415 7 

18140 3 


6420 71 

7 

2 

18417 8 


18442 5 


5420 49 \ 

(S?) 

6 

/ 18148 5 


18443 1 


5420 41/ 

\ 18418 8 


184 43-4 


5419 49 

8 

3 

18451 9 


18147 5 


5418 43 

6 

2 

18455-5 

5 4 

18160 1 


nils 07 

5 

3 

18456-8 

5 5 

IS 151 3 


6417 39 

6 

1 

18459 1 


IS 463 6 


541 6 68 

4 

2 

18461-5 


18 156 0 


6416 47 

4 

— 

1 8462 2 


18456 7 


5416 25 

6 

2 

18 463 0 


18457 5 


6415 66 

4 

1 

18165 0 


18 169-6 


5415 18 

4 

— 

18 166 <; 

18461-1 


6414 86 

4 

1 

184G7 7 

18 162 2 


6414 50 

8 

3 

18468 9 I 

I846:i 4 


6414 23 

7 

6 

18469 8 ' 

184()4 3 


6413 30 

sa 

4 

18173 0 

18167 5 


6413 00 

7 

4 

18474 0 i 

18468 5 


611234 

7 

2 

18476 3 


18470 8 


6111 92 

6 

1 

18477 7 


18472 2 


6410 61 

(3'’) 

3 

18182 2 


18176 7 


5409 80 

5 

3 

1 8485 0 


18479 5 


5408 98 

6 

— 

18487 8 


18182 3 


6408-40 

6 

2 

18489 8 


1848 4 


6408 20 

6 

2 

18190 4 


181S4 9 i 

5407 25 

4 

1 

18193 7 


18 487 2 


5402-43 

4 1 

2 

18510 2 


18604 7 


5400 07 

3 

1 

18618 3 


18612 8 


6398 66 

4 

— 

18523 1 


18617 6 


6398 12 

7 

1 

18525 0 


18619 5 


6391-31 

(3 ?) 

2 

18648-4 


18542 9 


6300 93 

(3?) 

2 

18649 7 


18544 2 


6386 02 

5 

1 

18666 6 


18561 1 


5383 01 

(3'^) 

3 

18577 0 


18571*5 


6307-85 

(3?) 

3 

18629 4 


18523 9 


5366-95 

(3 '0 

2 

18632 6 


18527 1 


5364 09 

(3?) 

2 

18642 5 


18537-0 


5362 32 

4 

3 

18648-6 


18543 1 


6361-08 

3 

2 

18653 0 


18517-5 


6360-51 

2? 

— 

18654-9 

5 6 

18619 4 


5350 95 

2? 

— 

18656-9 

50 

18651-3 


6354-10 

3d 

2 

18677-3 


18671*7 


6353-07 

(3?) 

2 

18680-9 


18675 


6351-82 

3 

1 

18685-2 


18679-6 


6351-28 

4 

— 

18687-1 


18681*5 


6350-52 

4? 

3 

18089 « 


18684-2 


6349-23 

4 

1 

18694-3 


18688-7 


6348-93 

4 ? 

3 ; 

18695-3 


18689 7 




ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 261 
The Telluric Lines of the Solar Spectrum— 



Intensity 


Reduc- 

Obcillation Frequency 

Beckor 

- _ . 


Os(!i lint ion 

in Vacuo 

(Rowland) 


Medium 

Altitude 

Freijueney 

tion to 


Hoii/on 

Vacuum 

Rowland 

An<;strom 

5347 02 

3? 

2 

1 8099-9 

5-0 

18094 3 


5342 21 

:i ? 

:i 

18718 8 

18713*2 


5340 12 

? 

o 

18725*1 

; 18719 5 


5322 C 1 

(3 ?) 

2 

18787 7 

1 18782*1 


5310 10 

,3 ? 

1 

18810 5 

: 18804 9 


5314 02 

3? 

1 

18818 2 

18812 0 


5290 52 

4 

2 

18901 7 

18890-1 


5288 00 

5 

:i 

18910 7 

' 18905-1 


528:1 58 

(7?) 

3 

5 

18920 0 

18921 0 


5277 19 

1 

18919 5 

, 18943 9 


5275 10 

(7?) 

r, 

1 8955 9 

; 189.50 3 


5275 1 1 

(7 ?) 

0 

1 8957 0 

j 18951-1 


5251-00 

1 / 


19041*0 

19030-0 


52.31 -52 

:i 

1 

19042-1 

5 0 

190.30-5 


6205*40 

4 

2 

19210 8 

5 7 

1 9205 1 


5205 12 

1 

2 

19211 9 

5 7 

1920() 2 


5143*94 

5(1 

___ 

19140 4 

5 8 

19431-0 


5112 10 

(2 0 

•> 

194 17 3 1 

19141 5 


5i;{2*25 

(3 /) 

•> 

19481 0 1 

19478 8 


5125 20 

(10 9) 

8 

19511 4 1 

19505-6 


5117 02 

(<-. 0 

1 

1 9542 0 i 

105:10 8 


5110-72 

(5?) 

1 

111 

19513 8 


19538-0 


5111 10 

1 

1 95(>5*() 


19569 2 


51 10-20 

3 

1 

19508 7 


19502 9 


5105 07 

4(1 

1 

19588 4 


19582 6 


5103 SO *\ 
5103 77/ 
5102*57 

(3 ?) 

« 

2d 

19593 2 

19598 0 


19587 4 

19592 2 


5101 90 

0 


19000 5 


19594-7 


5097 40 

5 


19017 8 


19612-0 


5096*23 

5 

l 

19022*1 


19010-6 


5095 95 

7 

2 

19023 4 


19617*6 


5094 52 

8 


19628 9 


1962:4-1 


5094 20 

0 

' - 

]90;40 2 


19624-4 


6094 04 

6 

2 

1 9030 8 


19025 0 


5093 78 

2 


19031 8 


19020 0 


5092 58 

8 

4 

190:10*4 


19630-6 


5092-:i7 

7 

5 

19037 2 


19631-4 


5091-32 

4 

2 

19041-3 


19635 5 


5090-:i9\ 
5090 25 / 

4d 

2 

19045*1 


19639-3 


5089*92 

4 


19040 7 


19640-9 


5089*36 

(4?) 

1 

19648-8 


1904.30 


5089 23 

(^0 

:i 

19649 


19643 5 


5080*75 

(; 

2 

19058*9 


1965:3-1 


5080-21 

6 

— 

19661 0 


19656 2 


6085-39 

4 

2 

19604-2 


19658 4 


6086*11 

3 

— 

19605-3 


19659-6 


5084*64 

5 

1 ‘i 

19067*1 


19601-3 


6083*91 

7 

2 

19669*9 


19664-1 


5083*12 

5 

2 

19673-0 


19667*2 


5080*53 

8 

5 

19683 0 


19677-2 


6079-70 

7 

1 

19686-2 


19080-4 


5078-57 

6 

1 3 

19690-6 


19684-8 


5078*18 

.3 

1 1 

19692-1 


i 19086 3 


5077*57 

7 

! 3 

19094-5 

! 1 9088 7 




262 


llEPORT 1891 


The Telluric Lines of the Solar Spectrum — contimied. 



1 Intensity 



Oscillation Frequency 

Becker 




O'^cillation 

lleduc- 

in Vacuo 

(Rowland) 


Medium 

Frequency 

tion to 





Horizon 

AltitiuU^ 


\ 2tcuuni 

Roy land 

Ang.strom 

5076*65 

0 

2 

1!H)98 0 

5 8 

19692 2 


6076*98 

5 

2 

19700 6 

1969 4 8 


6074*43 

3? 

1 

19706 0. 1 

19700 8 1 1 

6073*89 

4/ 

3 

19T0S7 ' 

19702 9 


6073*09 

7 

6 

19711*8 1 

] 9706*0 


6072 06 

4 


19715 8 ' 

19710 0 


6071*40 

6 

1 

1 9718 4 1 

19712 6 ' 

6071*21 

6 

2 

49719 2 1 

1971;’. 1 

6070*35 

6 

— 

1 9722 5 ; 

19716 7 

6070*04 

6 

3 

19723 7 1 

19717 9 

6069*53 

4 

3 

19725 3 ' 

19719 5 ' 

6009*26 

5 

7 

1972(5 7 


19720 9 ' 

6068*88 

11? 

9 

19728 2 


19722 1 

6068*45 

6 

4 

19729 9 


1972:’. 1 

6067*29 

11 

8 

1973 4*4 


19728 <; 

6066*49 

6 

3 

19737 5 


1973 1*7 

6066 04 

9 

6 

l!(73‘9 3 


I97;i;i 5 

5065*85 

(3?) 

3 

19710 0 

i 1973 4 2 

6063*74 

4 

1 

19718*2 

5*8 

19712 4 

6062*44 

(3?) 

2 

19753 3 

5 9 

19717 1 

6061*18 

6 

2 

1975S 2 

' 10752 3 

6060*50 

5 

2 

197(.0 7 1 

19754 8 

5060*19 

10 

8 

19762 1 

J 9756 2 

6059 58 

3 

1 

19761 5 

19758 6 

6058 32 

G 

2 

19769 1 

19763 5 

6C57-69 

9 


19771 9 

I976(; 0 

6056*95 

5 

5 

19774*8 

197(.8 9 

6056*58 

10 

! 

19776 2 

19770 3 

6066*44 

5 

2 

19776 8 

1 19770 9 

6055 28 

4 

2 

19781*3 

19776 1 

6054*62 

4 


19781 

19778 1 

6053*92 

6 

;; 

19786 6. 

19780 7 

5053*64 

5(1 


19787 7 

19781 8 

6052*52 

6 

1 

19792 1 

19786 2 

5052*31 

6? 

3 ; 

10792 9 ' 

1 9787 0 

6050 49 

4 

*> 

19800 I 

19794 2 

6049*72 

5 

1 1 

1980;’> 1 ' 

19797 2 

6047*56 

(^0 

3 1 

19811 5 

1 9805 6 

6047*14 

(4?) 

3b : 

19813 2 i 

1 9807 

6046*65 

3 


19815 J 1 

19809 2 

6046 35 

3 

2 1 

19816 3 

19810 1 

6045*76 

4 

_ ] 

19818 6 

198 12 7 

6044 73 

3 

*> 

19822*7 i 

19816 8 

6044*08 

8 


19825 2 ! 

19819 3 

5043*13 

8 

3 j 

19829 0 j 

19823 I 

6042*97 

8 

i 

198*29 6 ; 

1982.3 7 

6042*62 

3 

o ( 

19831 0 ! * 1 

19825 1 ' 

6041*46 

8 

4 ! 

19835 5 j 1 

19829 6 

6040*67 

4 i 

3 

19838 6 ‘ 1 

19832 7 , 

6040*39 

6 1 

3 

19839*7 ! 

1 983.3 8 

5039*86 

7 1 

^ i 

198 41*8 1 

1 9835 9 

6039 03 

5 


19845*1 , ! 

19839 2 

5038*01 

6 1 

2 

19845*6 

19839 7 

5038*42 

9 i 

7 

19847*6 

19841 6 ! 

6038*23 

(5 0 

— 

19848 3 j 

: 19842 4 1 

6038 00 

6 

2 

19849 1 1 

19843 2 i 
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Intensity 


Becker 





O^cillatinn 

(Howland) 

Ilori/oii 

Alodium 

Altitude 

iMeqiiem-v 

r)0:i7-82 

0 

1 

10810 0 

5()a7-i:j 

8 

3 

10851 1 

5035 83 

8 

‘> 

10857 7 

5035 10 

5 

— 

10850 2 

5()34-8() 

8 

1 

10851 8 

5031 ()9 

7 


10852 2 

5031 15 

5 

2 

10S5:i 1 

5031 23 

5 

2 

10854 0 

5033 17 

5 

2 

10858 2 

5031 31 

5 

2 

10875 1 

5030 52 

1 

1 

1 0878 7 

5020 82 

8 

— 

loss I 1 

502S 08 

5 

2 

10881 7 

502S 72 

5 


10885 8 

5025 20 

5 


1 0805 5 

5025 01 

5 


10805 S 

5021 81 

r> 

2 

10001 3 

5021 :v.) 

5 

3 

10002 0 

5010 10 

1 


10022 1 

5010 25 

1 

3, 

J002.’‘ 3 

501 8-55 1 

5 


1 0025 7 

5018 55 ; 

1 I 

M 1 

10225 1 

5018 00 i 

5 

1 

10028 3 

5017 23 ' 

5 

2 

10031 3 

5015 07 ! 

r. 

1 

10035 0 

5015 3;{ ' 

1 

2 

10038 

5005 00 j 

1 

2 

10072 1 

5004 IS I 

5 

3 1 

10082 1 

5002 75 

1 

2(1 , 

10080 0 

1008 1 1 ! 

r, 

3 

20007 1 

1005 13 i 

3 

1 

20015 5 

1088 50 i 

(•> ’) 

1 

»> 

200 J 5 1 

1081 01 

1 

20050 5 

4083 50 

1 

1 

20055 5 

4081-18 

5 

2 

2007 1 4 

4075 05 ' 

•J } 

2 1 

20095 7 

1050 51 ‘ 

(3') 1 

2 

20122 3 

1050 11 

(3 -) 

2 

20123 1 

105180 

(« 0 

2 

20141 8 

4013-10 

2 

i 

20353 7 

4002-52 

1 ' , 

3 

20307 7 

4002-21 

1? , 

3 1 

20300 0 


Hedu(.'- 
1 tiOll to 
Varuiini 

' Oscillation Frequency 

in Vac no 

Rowland | Ang.strom 

; 50 

1 

10844 0 
10815 5 
10851 8 
10851 3 


i 

19855 0 



1 0855 3 


1 

10857 2 


i 

10858 1 
10852 3 
10850-5 


i 

! 

10872 8 
10875 5 
10878 8 
10870 0 
10880 5 

1 '0800 0 
18805 1 
108'J7 0 



10015-5 
10017 4 
10010 8 
10020 2 

1 0022 1 


I 

10025 4 
1003»0 0 
10:)33 0 
10055 5 
10075 2 
i:i083 1 
2(!001 5 



20000 5 1 
20010 2 1 


i 

200515 ! 

20050 5 
20058 5 j 


! 5 0 

1 20000 8 


1 5 0 

20115 3 
20127 1 1 

20135 8 { 

20117 7 
201017 
20103 0 1 



Interim Report of the Committee consistiiuf of Professor Thorpe, 
Professor J [uMMEL {Secretary), Dr. Perkin, Professor Eussell, 
Captain Abney, (mcZ Professor Stroud, on the Action of Light 
upon Dyed Colours. Drawn up by the Secretary. 

Tiiic primary object of the work of this Committee is to determine 
accurately tlio relative fastness to light of all tho various colours at 
present employed by the dyer of textile fabrics. This is to be attained 
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by exposing to direct sunlight and tho ordinary atmospheric influences, 
patterns of silks, wool, and cotton, specially dyed with the various 
natural and artificial colouring matters. 

The work of purifying these colouring matters, dyeing the patterns, 
recording the dyed and faded colours of each pattern, &c., &c., must 
necessarily require mncli time. Moreover, owing to the very largo 
number of colours to be examined, the long exposure needed to give 
useful results (one year at least), and the limited capacity of the exposing 
frame employed, the work will naturally proceed but slowly, and will 
extend over a period of some years. 

During the past year the Secretary of the Committee has been 
engaged in collecting samples of the colouring matters required for tho 
investigation, and in making preliminary exposure experiments with tho 
view of determining the best method of procedure to bo adopted. 

Having decided to expose the patterns in groups according to colour, 
the work of purifying and dyeing witli tlie / ed colouring matters has 
been begun, and is now in progress in accordance with a scheme in the 
hands of members of the Committee. 

Of the 20/. originally granted to tlie Committee at the last meeting 
of the Association in Jvoeds, tlic sum of \7L 10s\ has been expended in 
the purchase of the necessary silk, wool, and cotton material, also an 
exposing frame, wdiicli has been erected at Adel in the neighbourhood of 
Leeds. 

Particulars of this expenditure have been forwarded by the Chairman 
of tho Committee to the General Treasurer. 


Report (^provisional) of a Comniitpe^ consiUi nr/ of Professors 
IVPLeod anrl W, Kamsay, and Mr. W. A. >Siienstone {Secretary), 
appointed to investigate the Influence of the Silent Discharge 
of Electricity on Oxygen and other Gases, 

The Committee regrets to state that, owing to various circumstances, 
very little further progress has boon made during the past year. Tho 
necessary means for securing assistance in part of the work have, how- 
ever, lately been secured, and its continued progress may therefore now 
be looked for; and it is recommended that the Committee be reappointed. 

No grant is asked for, as the necessary apparatus is at the command 
of the Committee. 


Third Report of the Committee, consiUing of Professors H. 
M‘Leod ( Chairman), KoRERTS-ArsTEN {Secretary), and Eeinoli>, 
and Mr. H. G. Madax, appointed for the Continuation of the 
Bibliography of Spectroscopy, 

The collection and verification of the titles of papers on spectroscopy 
have been continued during the past year, but there is not yet suflficient 
matter for publication. 

The Committee desire to be reappointed. 
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Fifth Report of the Committee^ consisting of Professor Tildp:n amt 
Professor Akmstkoxg (^Secretaryf appointed for the purpose of 
investigating Isonieric Naphthalene Derivatives, {Drawn tip 
hy Professor Ahmstj^ong.) 

The isomeric dlrJiloromqjlithalenes. -Since the publication of the pre- 
vious report Mr. Wynne and tbe writer have completed their examination 
of the dichloronaplithalenes. As mentioned in the third report, no 
fewer than twelve isomerides were reputed to exist ; one of these, however 
-strange to say, the a-modification, tbe oldest member of the set — has 
proved to be non-existent as a distinct isomcridc, being a mixture of two 
others inseparable by the ordinary methods of crystallisation ; while 
another has been shown to have been improperly ranked as a dichloro- 
derivativc, being a trichloronaphthalene. The remaining ten have been 
characterised and their constitution determined by logical and consistent 
arguments, which leave no doubt that they actually are the ten dichloro- 
naphthalencs which, according to theory, can exist if the simple double 
hexagon formula for naphthalene be adopted. 

The formula! of the ten dichloronaplithalenes are given in the table 
below, those of the acids into which they arc converted on sulphonatiou 
being given in t he second column of the table, and those of the corre- 
sponding trichloronaphthalcnes in the third. In this table S is printed 
for SO3H ; the melting points of the chloride and amide of the acid are 
indicated below the symbol of the acid.’ 


Cl 

I I ■ 

'\/ 

Cl 

j) = (»7° T) 
C] (1 

p. = 

Cl 


( 1 

M. p. = 100® .*», 


aa-Dichloroiuiphlhalcnes. 

C\ 

y\ 



SC, Cl, m p. 132®. 

SOiNH,. in. p -- 211®. 

Cl Cl 

/\X\ 


\/\/ 

S 

SO.Cl, m. 1 ). -- 111®. 
S()*NH„ni. p = 228®. 


('1 


Cl 


Cl 

ci/\/\ 

I ! I 

X/X/' 

Cl 

M. p. = 06®. 
Cl Cl 


Cl 

M. p. = 131®. 
Cl 


SO.Cl, m. p. = 13‘.)®-.>. 
SOXH., in. p. - 201®. 


ICJ 
Cl 

M. p. = 103® 


* (T. Ch*un. SiH' Procevdifigify 1800, pp. 77-81. 
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/3P-Dichloro7iapJithalenes, 

./ V\cn 


IPP^' ^ 

M p - 119° 5. 

1 1 '(M 

X/XX 

80,C1, 111 p. = 142 
SO.NII., Ill p. = 2G8° 

s/V^ci 


I 


\/\/'‘ 
.S0/;i, in p 17S’ 


Cl/V^Cl 

_> 1 I 

'\X\/ 

M. p. - Ilk. 

1 i ^ 
\/\/ 

SO. 01. Ill p - ig;>°.“. 
SCOMT,, 111. p -=218°. 


/yxp, 

Cl ' ' 

x 

A 

1 

M.p ^ 

SO 01. in ]) - 1.>G ' 

SO'MI , in p - 2G'i' 


uii-Dirliloi'iiiuxphflndi m 

4 ‘ 1 


/\/\, 1 

(*1 

X\X\oi 

! ’ 1 

SO 01 III p lo k 

S()\ 11,111 p 217° 

xxxx 

01 


Cl 

/\/\ 

1 I L, 

M. p = GP. 


SO/'l, m. p - IGT^M 
)^() N?I., m p — r.Mr 

('1 


/(’! 


! 


SO/’l, rii. 1> = H.S°." 
SO,NH^, 111. j) ®= 272°, 

01 

s/\/\ 


V | C . 

M. p. = IOD'^5. 


ci^yvi] 

M. p. ur^. 


XX/X, 


,ci 


ck 


01 

M p = li:k. 


01 


'^c 1 


xxxx 

Ol 

M p 78^; 


( 1 


I P 

M p Pl>l/ 

01 

,/X/X 
X 1 Jci 


01 

M p 103°. 




\ A /°‘ 

so.f'l, m. I). = 121°. 
fc)0,;NH,, m. p. « 228° 


XXX/'^ 

M. ]> ii:r. 
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Cl Cl Cl 


ci/Y> 

i 


1 1 


1 1 1 


\ III 

X/V/ 

s 

Cl 

M p. = 02 .j- 

00° .3 SO.Cl, rn. ]) = 118" 

(SO.NII., 111. p = 220'^. 

M. p = 00' 


-> 

\ 

(’1 

/x/x 


s 

°’xxx/ 

Cl 

]\I p IS". 

■SO.Cl, m [I = 

M. p. = 00' 


iStKNH., 111. p — 2U>\ 

The cstablislimcnt of tlie existence of such a series of ten isomeridcs 
formed by tlio introduction of but two atoms of chlorine into a hydro- 
carbon is in itself rernai’kable ; it is still more remarkable when the 
diversity of ])ropcrties which the isomeridcs manifest is taken into con- 
sideration; moreover the identilicaiion of ton isoraerides and the recog- 
nition of tlu'ir constitution afford striking testimony to the completeness 
of modem methods of inquiry and tlie truth of our theory of constitution : 
however much our symbols may differ from actuality, there cannot bo a 
doubt that they afford a most accurate presentment of intramolecular 
relationship. 

It may be added that the facts now established place it beyond ques- 
tion that the hydrocarbon naphthalene has a symmetrical structure such 
as is indicated by the conventional double hexagon formula; it remains 
to solve the far more diflicult problem involved in the determination of 
its exact inner structure. 

The opportunity afforded by a series of ten isomeridcs for the com- 
parative study of physical projierties in their relation to constitution is 
obviously very great, and it is intended ere long to enter on this branch 
of the inquiry. 

The Isovicrii' diJ)roiiionaplith(denes. — With the objeid of securing the 
data necessary for the exact comparison of the chloro- and bromo-deriva- 
tivesof naphthalene, and especially the behaviour of naphthalene towards 
chlorine and bromine, much time has been devoted by the writer and Mr. 
Rossiter to the study of the dibromonaphthalenes. The results are not 
yet sufficiently com])lete to render their publication desirable. 

The isomeric trichloro naphthalenes. — Theoretically fourteen isomeric 
trichloronaphthalenes can exist. As the determination of the constitu- 
tion of a large number of naphthalene derivatives— including many of 
technical importance ~ is dependent on a knowledge of the trichloronaph- 
thalcnes, Mr. Wynne and the writer have paid much attention to their 
study ; besides the seven already known, they have succeeded in preparing 
six others, and are at present endeavouring to prepare the only modifica- 
tion which remains to bo discovered. The melting points of the thirteen 
known trichloronaphthalenes and their probable constitution are indicated 
in the following table, in which also arc given the letters by which they 
have l)eeu distinguished. 
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Constitution 

Mc'lting Point 

1 - 

Constitution 

Melting Point 


1 : ‘J : 

81° 

h] 

1 : :i : 2' 

11 : 1 ° 


1 : 2:1 

02° 

1^1 

1 : :i : :5' 

80° 



1 : 2 : 1 ' 

unknown 

[ 7 J 

1 : : r 

10 : 1 ° 



1 : 2 : 2 ' 


[5] 

1 : 1 : r 

1 : 11 ° 



1:2: :c 

, 02“-5 

[€ and ^ 

1 : 1 : 2 ' 

66° 

— 

1:2:4' 

78° 6 



2 : : 1 ' 

100°-.'i 

?[3] 

1 : :i : r 

1 90° 

-- 

2:3:2' 

01° 


It will be noticed tliat three modifications melt at about 80°, and four 
near to 90°; hence it is important to ascertain the distinctive properties 
of the several modifications, so that their identification may be rendered 
easy and certain. This difiicult and wearisome task will, it is hoped, bo 
completed during the coming year. 

Naplitlialenedisnl phonic acids. — By eliminating the NH 2 group from 
beta-naphthylaminedisulphonic acid G, !Mr. Wynne and the writer, since 
the publication of the last report, have succeeded in preparing naph- 
thalene 1:3 or ///r/(/-disul]>lionic acid ; the same acid has been inde- 
pendently prepared in thi'^ manner in the laboratory of the Badische Anilin 
und Soda Fabrik. It is noteworthy that although in a measure the 
analogue of benzenemctadisulphonic acid, which readily yields resorcinol 
on fusion with alkali, naphthalene 1 : 3 disulphonic acid is converted by 
fusion with alkali with remarkable facility^ into a trihydroxynaphthalene. 
Five of the ten possible disulphonic acids are therefore now known. 
Their properties are summarised in a table in the ‘Chemical Society’s 
Proceedings,’ 1890, p. 14. 

Naphthylamine-^ naphihoU and chloronapliihdcne’^d is ul phonic acids. — A 
large number of disulphonic acids of the naphthylamincs and naphthols 
are nowin technical n&c,‘ and both on this account and in order to obtain 
the material for a discusMon of the comparative infioence of NH 2 and 
OH, the constitution of these acids has been determined by jMr. Wynne 
and the writer, and they liave also prepared disul])honic acids by sulpho- 
nating the cbloronaphthalencsulphonic acids in order to compare the 
influence of what may he regarded as a neutral radicle with that of the 
alkylic NHo and acidic OH; the results have been recorded during the 
past two years in nine communications to the Chemical Society, and 
appear in the ‘Proceedings.’ One interesting result of the examination 
of the disulphonic acids, to which attention may be called, is that ap- 
parently there is an ‘invincible objection’ on the part of two SO 3 II 
groups to remain in cither contiguous or para- or peri-positions. The 
expression ‘ remain in ’ is used advisedly, as it appeal’s probable that 
initially such positions are not infrequently taken up by siilphonic groups. 

The formation of heta-derivatives.- In previous reports emphasis has 
over and over again been laid on the fact that in the majority of cases 
naphthalene gives rise to <dj?/<a-derivatives, derivatives being formed 
only when a group is present which determines the entry of the new 
group into the contiguous beta-position or owing to the occurrence of 
secondary change. Attention must now be called to certain important 
exceptions to this rule. 

‘ A very complete description of the various naphtlinlono derivatives which are 
used technically will be found in the art. Naphthalene V)y Mr. Wynne in the reccntly- 
publislicd v(d, ii, of Tlioip(3’s Diciwnary of Axyplad ChtmlHnj (Longmans). 
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One of these exceptions is that afforded by the formation from naph- 
thalene 1 : 3' disulphonic acid on nitration of a nitro-acid of tlie formula 

/\A 


8 




NO. 


(cf. ‘ Chem. Soc. Proceeding's,’ 1891, p. 27) ; this acid, however, is but a 
subsidiary product, the mam product being an acid of the formula 


8 


NO, 8 


It has long boon known that when the 1:4' disulphonic acid is 
nitrated, it yields an a- nitro-acid ; recently IMr. Wynne and the writer 
have found that tlie product also contains the isomeric ^-nitro-acid. 

Other exceptions are afforded by the production of beta-chloro- and 
bromo- naphthalene on chlorination and broraination of naphthalene;* and 
by the presence of a certain proportion of beta-naphthylaraine in com- 
mercial alplia-naphthylaminc — a proof that naphthalene yields some beta- 
nitronaphthalene on nitnition ; the writer’s attention has been called to 
this last fact both by Dr. 11. Caro and by Professor Noelting. 

Lastly Mr. llossiter and the writer liave found that bcta-naphthol 
when brominated yields a dibroino-derivative of the formula 

P>r 

OJt 




Br 




and in this case there appears to bo no alpha-compound formed, so that 
the departure from the alpha-law is complete. 

Put tlie explanation of these results is not difficull. In no case 
probably is the substitution derivative tlie direct produ(*t of change; but 
its formation is preceded by that of an addition compound. This is 
generally admitted in the ease of chloro- and bromo-derivatives, but 
evidence of the formation of addition compounds has not hitherto been 
forthcoming in other cases. IMr. Rossiter and the writer, however, have 
recently given proof that a compound with nitric acid is initially formed 
in the process of nitration.- Obviously, in the case of a symmetrical 
molecule such as that of bromine, either an alpha- or a beta-derivative will 
result, according as either the beta- or the alpha-atom of bromine becomes 
eliminated from the bromide, thus: — • 

lll’>r Br 

fYV”'" “ fYV' ' 

\A// \/\/ 


HBr 

j^XX jjbj. 

XAX^ 


AX 


K 


Br 


XXXA 


HBr 


' Cf. Chem. Soc. Proceedings^ 1800, p. 85. 


• llnd., 180], p. 80. 
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The alpha-law in this case is expressed by saying that in the main the 
tendency is for the bcta-bromino atom to be removed. 

In the case of a dissymmetrical molecule, such as that of uifric acid, 
the formation of the one or the other derivative will depend on the 
nature of the addition compound — 7c., on the distribution of the radicles 
of the acid — assuming them to be ‘distributed’ wlien addition takes 
place, thus : — 

XO. 


\./xy 


+ llOXO. 


IIO.XO, = 


I ! . 

\/\^ 


no 


no 


NO, 




xxx^ 


In this case the alpha-law is expressed in the statement that in ilio main 
the tendency is for the acivi radicle to assume an alpha-position in the 
addition compound first formed. 

This question has already been discussed by i\[r. Wynne and the 
writer with reference to the tetra-chloridcs of naphtlialenc and of its 
derivatives, naphthalene tetrachloride affoi-diug the throe possible di- 
chloronaplitbalenes, but the 1 : -1 compound in largest and the 1 : '1 in least 
proportion, thus : — 


nci 

IICl 


HCl 



HCI 





The behaviour of the substituted chlorides is as follows 


(.’liK'l <-hloi idc. 


HCl 


Cl 

/\/\ 

Cl. 

XXXX ] 

1 ! 1 

I 1 1 1 

X\/ 

\J\/ ' 

HCl 


HCI 

HCl /Yh ' 



\y\J 

nci ' ' 

HCl 

HCl 

so., Cl 

IICl SO/'l 

HCl 



\A/ 

HCl 


( product of uctioa 
of potash on cliloi ide. 
(’1 



X/X./ 

SO,K 
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/\/\ 


SO, Cl 


CliitT t;lilori(le. 
ITCl 

II Cl SO, Cl 


IICI 


nci 


(.'hicf product of action 
of potash on chloride. 


Cl 



SO,K 


The infliiGiico of the substituent both as aflboting tlio addition of 
chlorine and the elimination of hj^drogen cldoride is e.spocially note- 
worthy. It will bo seen tliat the siilphochlorides behave aliko, but the 
two chloronaphthalencs dissimilarly toward.s chlorine, and that each 
compound decomposes in a manner peculiar to itself on treatment with 
alcoholic potash. 

As yet no evidence has been obtained that a heta-hromo-, chloi'o-, or 
ni/ro-derivative may result by isomeric change from a previou,sly formed 
a/)^7ia-derivativo. 

With regard to the snuj^honic acids, on reference to the previous 
table in which the constitution of the acids formed on sulphonating 
the ten dicliloronaphthalcncs is indicated, it will bo observed that in some 
cases an <i- and in some cases a ^-siil[>honic acid is formed, or a mixture 
of both. Mr. Wynne and the writer have exprcs.sed the O 2 )inion that the 
a-acid i.s always initially produced, and that in some cases this is so 
unstable that it spontaneously passes over into the /?-isomeride and 
escapes observation, while in others it is partially preserved. They base 
this conclusion on the fact that in all cases hitherto studied in which both 
acids are formed it is possible to convert the a- into the y3-acid by heating. 
Thus 1 : 2-dlchloronaphthalcno alfords about two-thirds a- and one-third 
/?-ficid ; but when the product is heated the latter is practically the solo 
product. In like manner the initial product of sulphonation from 
1 : il-dichloronaphthaleno contains about one-fifth /3-acid; but if it be 
heated at 1()0° during eighteen hours complete conversion into the /3-iso- 
merido is effected. 

Should this conclusion with reference to the manner in which hettf- 
sulphonic acids are formed ho ultimately e,stablishcd it would follow that, 
unlike nitric acid, sulphonating agents regularly act in one way, and that 
the formation of the addition compound takes place in such a manner 
that the sulphonic radicle always attaches itself in an alpha-position. 

Isomerir rhange hi the case of solphouic acids . — ^The problems which 
this subject presents are of extreme interest ; some idea of their character 
is afforded by the following example. AVhen heated at about 150-160'^ 
1 : 4 a-chloronaphihalcne sulphonic acid undergoes a change into the more 
symmetrical aZ^/m-isomcrido, wdiile 2 : l'-/3-chloronaphthalenesulphonic 
acid is converted in a similar manner into the more symmetrical hcta~ 
isomeride — results which may be regarded as indicative of a tendency to a 
final state of symmetry, thus ; — 


Cl 



SOJI 


(^1 


SO.Tl 


Cl- 




\/\/ 

SOjlI 






SO.ll 


In tbo case of the clichlorosniphonic acids it is noteworthy that tlie 
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position ultimately taken up by the SO 3 H n ‘cle appears to be deter- 
mined by the beta-chlorine-atom, perhaps been the /?-sulphonic acids 
are the most ‘ degraded * products, thus : — 


('1 





Cl 


I i 



y 


y 


With reference to these examples it may be pointed out that the 
apparent passage of the sul phonic radicle in tlie one case from one 
nucleus into the other, in another from an alpha- into the contiguous beta-, 
and in a third from an alpha- into the more distant beta-position, are 
remarkable variations of the phenomenon of intramolecular mobility. 

There is a striking difference in the behaviour of the 1 : 1, 1 : 4', and 
1 : 2 att-dichloronaphthalenes, to which attention may be directed, the non- 
formation of the acid containing a chlorine atom and the sulphonic radicle 
in the 1 : 1 ' position being noteworthy, thus : - 


(’I Cl (M Cl 



s 


Cl <’l 



In the case of the 1 ; 4 and 1:1' compounds the sulphonic radicle is 
obviously influenced in two directions, and may be said to take up a 
mean position. 

A case of isomeric change which at j)resent appears altogether para- 
doxical is that which is said to occur on heating sodium naphthionatc 
(NH 2 : SOjNa = 1:4) at 200-250'^, whereby it is converted into the 
isomeric 1 : 2 .compound. 

The foregoing brief reference to the work of the Committee will 
suffice to show that the study of naphthalene derivatives is fraught with 
interest, more especially as it is to be anticipated that results of general 
application will be obtained in the cour.se of the inquiry. 
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Fifth Report of the Committee, consisting of Professors Tilden, 
McLeod, Pickering, Kamsay, and Young and Drs. A. K. Leeds 
and Nicol (Secretary), appointed for the purpose of reporting 
on the Bibliography of Solution, 

During the past year no progress has been made with the work of 
cataloguing the papers on Solution in the few remaining selected 
journals. 

The Committee invite the co-operation of members who have access 
to largo scientific libraries and are willing to take an active part in the 
work. 


Fifth Report of the Committee, consisting of Professors Tilden 
and Kamsay and Dr. Nicol (Secretary), appointed for the 
pmpose of investigating the Properties of SoliUions, 

The Committee have to report that, owing to the pressure of other work, 
but little progress has been made with experiments on the atomic 
volumes of carbon, hydrogen, and oxygen when substances containing 
these elements are dissolved in water or other solvents, A preliminary 
research on the volume of oxygen in the oxy-acids of chlorine, bromine, 
and iodine has been completed with somewhat startling results, which 
lead the Committee to hope that valuable data will be obtained when 
the work is complete. 


Third Report of the Committee, consisting of Professor Koberts- 
Austen {Chairman), Sir F. Abel, Messrs. E. Kiley and J. 
Spiller, Professor J. W. Langley, Mr. G. J. Snelus, Professor 
Tilden, and Mr. Thomas Turner (Secretary), appointed to 
consider the best method of establishing an International 
Standard for the Analysis of Iron and Steel, (Drawn up by 
the Secretary.) 

In the two previous reports of this Committee the objects of the 
Committee were defined, and an account was given of the preparation 
and distribution by the American Committee of four out of the five 
international steel standards which Professor Langley had been requested 
and had kindly undertaken to prepare. A year ago it was hoped that a 
final report would be presented at the Cardiff meeting, but, unfortunately, 
this hope has not been realised, and the completion of the work has been 
deferred. In the second report mention was made of the fact that the 
American Committee had entered upon an investigation of the relative 
accuracy of different methods of analysis, particularly in connection with 
the estimation of carbon in steel. This work was not considered within 
the province of the British Association Committee when its objects were 
1891. T 
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defined in accordance with the discussion which took place at Bath and 
with subsequent correspondence with Professor Langley. 

The British Association Committee have during the past year care- 
fully considered the course of action taken by the American Committee 
and the position of British analysts now that the scope of the inquiry 
entered into by the former has been thus enlarged, and it has been 
considered advisable to publish the results of the determinations of the 
British analysts as soon as their work is completed. This view was 
communicated to Professor Langley, who in a letter received on August 7, 
1891, endorses the proposed publication of the results hitherto obtained 
by the British Association Committee. 

Owing to the very short time which has elapsed since the receipt of 
Professor Langley’s letter and the fact that two of the British analysts 
have not yet forwarded their reports to tlie Committee, it has not yet 
been possible to institute a comparison of results obtained, but no time 
will be lost in completing the examination of the four standards at present 
in hand and in then prepaiang a report on tlie English results. Dr. 
Wedding has informed Professor Langley tliat the work of the German 
Committee is now' nearly completed. 

The fifth standard has not yet been prepared, some difficulty having 
been met with in obtaining so large a quantity of mild steel of perfectly 
uniform composition. It w'as originally proposed to make the standard 
of basic steel, but it was urged that greater uniformity could be obtained 
with crucible metal. Professor Langley states tliat he has made several 
attempts to make crucible steel sufficiently low in carbon, but finds it 
impossible to do so in the plumbago crucibles used in the llnited States. 
This matter is now under consideration, and it is hoped tlio fifth standard 
will be prepared shortly. 


Report {provisional) of a Co'oimiitee^ consisting of Professors H. E. 
Armstrong and W. K. Dunstan and Messrs. C. H. Botgamley 
and W. A. Shenstone {Secretary^ appointed to investigate the 
direct formation of Haloid Compounds from pure materials. 

Having confirmed Wanklyn's early observation that carefully dried 
chlorine was practically without action on sodium, R. Cowper in 1883 
(‘ Chem. Soc. Journ.* 1883, pp. 153-155) made a number of experiments 
on the behaviour of dried chlorine towards other metals, and in several 
cases found that if dried by contact with freshly-fused calcium chloride 
it was without action. Thus Dutch metal was apparently still unacted 
on after three months’ exposure in the dried gas : and zinc, in the form of 
foil, and magnesium wire were also unattacked. Silver and bismuth, 
however, were slightly acted on, and tin, antimony, and arsenic were 
rapidly attacked ; mercury appeared to be acted on as rapidly by dried 
chlorine as by the moist gas. 

Pringsheiin has since shown that, even in the case of hydrogen and 
chlorine, the interaction is affected by the presence of moisture. 

These, and similar observations by H. B. Dixon and others with 
reference to the formation of oxides from dry materials, render it desirable 
to more fully elucidate the conditions which determine the formation of 
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metallic and other chlorides and analogous compounds ; and it is in this 
direction that the Committee are working. 

Mr. Shenstone has already obtained results which are both interest- 
ing and suggestive. Chlorine prepared in the ordinary manner dried by 
exposure in contact with phosphoric oxide during several months was 
found to very readily attack mercury — a result in accordance with 
Cowper’s observation. Nevertheless chlorine prepared in another 
manner was found to behave differently. With the object of testing the 
quality of chlorine prepared by heating platinous chloride in vacuo, tubes 
of such chlorine, dried by contact during several hours with phosphoric 
oxide, were opened under highly-purified recently-heated mercury : 
although the surface of the mercury in contact with the gas was very 
quickly tarnished, no sensible absorption occurred during many hours in 
daylight, bub afterwards absorption took place, at first gradually, and 
subsequently with tolerable rapidity. Several such experiments were 
made with chlorine prepared from diflerent specimens of platinous chlo- 
ride, and in every case a colourless gaseous residue, not exceeding 5 per 
cent., was obtained, which proved to be partly soluble in water, partly in 
alkaline pyrogallato, and partly insoluble. (? Nitrogen.) The fact that 
absorption at first took place with exceeding slowness, and subsequently 
proceeded at a more and more rapid rate, is apparently a significant 
indication that the interaction of chlorine and mercury is conditioned by 
the presence of some third substance, and the importance of continuing 
the enquiry is unquestionable. 

It is probable that tho impurities in tlie gas from platinous chloride 
are derived from a basic compound. Mr. Shenstone rinds that platinons 
chloride is to a slight extent volatile - a fact which is ordinarily overlooked, 
although it has been noticed by Mr. G. Matthey ; hence the analysis of 
the substance by the ordinary method of ignition is liable to afford falla- 
cious results. 

Nearly 20/. has already been expended, chiefly in the purchase of 
platinum and platinum apparatus. The Committee desire to be re- 
appointed, with a grant of dO/., a.s the experiments are now being extended 
to a number of other compounds. 


Provisional Report of the Committee^ conslatlmj of General Nesting, 
Captain Abney, and Professor H. hh AiiMSTJiONU {Secretary), 
on the Absorption Spectra of Pure Compounds. 

The determination of the spectra of tho compounds which the Committee 
have fixed upon as essential has been continned, and several have been 
measured and classified. The work is very laborious and can only 
progress slowly owing to the difficulty of obtaining absolutely pure 
compounds, and other difiiculties in the photographic method employed 
have also arisen. The Committee wish for reappointment to continue the 
investigation. 
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Nineteenth Report of the Committee, consisting of Professor Prest- 
wicH, Dr. H. W. Crosskey, Professors W. Boyd Dawkins, T. 
McKenny Hughes, and T. (t. Bonney and Messrs. C. E. 
De Range, W. Pengelly, J. Plant, and R. H. Tiddeman, 
appointed for the purpose of recording the Position, Height 
above the Sea, Lithological Charactei's, Size, and Origin of 
the Pmdic Blocks of England, ^Yal€s, and Ireland, reporting 
other matters of interest connected with the same, and taking 
measures for their preservation, (Drawn up by Dr. Crosskey, 
Secretai^,) 

In their last report the Committee gave some of the general results of 
their survey of the erratic blocks in the jVlidland district of England ; 
they are unable, however, this year still further to address themselves to 
the task of giving a scientific arrangement to the vast number of fa^ts 
that have been collected in consequence of the number of new facts 
which have been reported to them, and which it is necessary to record 
before any more systematic generalisations can be attempted. 

The destruction of erratics, moreover, is going on so rapidly that 
already many of those described in the reports of this Committee have 
disappeared, and in a few years these reports will be the chief evidence 
of the very existence of a large series of phenomena of great importance 
in glacial geology. 

During the past year a N.W. of England Boulder Committee has 
been formed, with Mr. C. K. De Ranee, F.G S., as President and Mr. 
Percy F. Kendall, F.G.S., as Secretary, which has already done valuable 
work, and promises to accomplish a survey of the erratics of the district 
it has undertaken to explore, so thorough, as ultimately to render a 
scientific arrangement of the facts possible and enable their meaning to 
be understood. 

The Committee have to thank the N.W. of England Boulder Com- 
mittee for the following communication.'^, which contain several features 
of especial interest : 

(1) The group of boulders reported from llest Bank (Lancashire) is 
of importance. Tlie stones are exclusively such as might have been 
derived from the country at present draining into the internal angle of 
Morecambe Bay. Account must be taken of this fact in any attempt to 
explain their origin. 

(2) The area occupied by drift containing Lake District erratics is 
extended and help given towards defining the area of their distribution 
on the w^estern slopes of the Pennine chain. 

(3) The remarkable sporadic grouping of large boulders is shown ; 
for example, in the group in the river Tame when taken in connection 
with the records of Cheshire groups. 

(4) Evidence is given of the transport and glaciation of local blocks ; 
e.g., by the discovery of a large angular block of Ardwick limestone at 
Haughton Green, the nearest known outcrop of the rock being about 
three miles to the N.W., as well as many other angular blocks of the 
same limestone. 

(5) The mode of transport of .some erratics and their behaviour 
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towards the solid rocks over which they have been, carried are illustrated, 
the account given of the Levenshnlmo group furnishing evidence of ice 
in motion. 

Many noteworthy boulders and groups of boulders arc also described. 


Laxcashike. 

Iteporied by Mr. Thomas Ransom e. 

BoUon‘le~Sati(h . — On eastern shore of Morecambe Bay, 1 mile north 
of Hest Bank Railway Station; 12 ft. G in. x 8 ft. X 8 ft.; oblong; 
moved ; mountain limestone ; fallen from boulder clay to the sea beach. 


Group, 


This is a series of specimens representing all the varieties met with in 
an examination of the boulder clay exposed in the cliffs at Hest Bank. 
The determinations are by Mr. P. P. Kendall, P.G.S. — ■ 


1. 


8 . 


7 . 

S 

<♦ 

10 

Jl. 

12 

1 . 8 . 


n 

1. ‘>. 
10 
17 . 
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1!> 
20 . 
21 . 
22 . 

2 . '}. 
24 


Shap granite. 

Breccia ; red base with large fnigments ; ? Brockram. 

Grit; greenish grey ; very line and micaceous ; ? Silurian. 

Limestone ; red base with many white cncrinibi stems ; Carboniferous. 

„ black with litho.strotion ; Carboniferous. 

„ pale buff with ochreous markings ; (kirboni ferous, 

„ pale buff with encrinite .stems; Carboniferous. 

,, earthy buff with mollusca ; (Carboniferous. 

„ dark buff with dendrites; Carboniferous 
„ eartliy red with Spirifera gluhra ; Carboniferous. 

Chert with many miciozoa ; Carboniferous. 

„ black with cuboidal jointing; Carboniferous. 

Giit ; very coarse, dark red, with quartz and other pebbles the size of a 
pea , I origin. 

Sandstone, buff, speckled with brown; Carboniferous. 

„ dark bi ick red ; micaceous; '/Carboniferous. 

Grit ; coarse quartzose with felspar ; / Millstone grit. 

Breccia; andesitic with rhyolitic fragments ; ? Ycwdale breccia. 

‘ Ilalleflinta ’ ; buff greenish ; Boirowdah*. 

Rhyolite ; liver-coloured ; flinty with few felspars and no quartz ; Borrowdale. 

? V<»lcanic rock, .stainc<l with copper; ? Borrowdale. 

Breccia ; andesitic with rhyolitic fragments ; Ycwdale. 

Ash ; greenish to purple ; Borrowdale. 

Mica trap. Of. those of Sedbergh and Kendal. 

Granite ; a small fragment grey, with a portion of felspar crystals contain- 
ing inclusions of (juartz ; ? Shap. 


[All these rocks appear to have been derived from tlie area immediately 
to the northward. — P. F. K.] 


Reporfed by the Rev. C. R. Barker, 6’./., B.A, 

A group of boulders from Stonyliurst College, near Wballey, Lanca- 
shire. Stoiiylmrst lies four miles to the west of Whalley Station, at a 
height of 3G0 feet above O.D., on the gentle south-eastern slope of Long- 
ridge Fell. The whole district is made up of Yoredale limestones and 
shales beautifully exposed on the banks of the river Hodder to the 
north-east, and of the Yoredale grits which form the Longridge Fell and 
all the neighbouring hills ; and np to a considerable height the country 
is covered with a uniform coat of boulder clay, from which (except when 
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otherwise specified) the erratics in question have been extracted. 
Glacial striie may be seen on the mountain limestone at various points 
some five to six miles to the north-east, near Clitheroe : these strise, as 
shown by the geological survey map, point a few degrees west of south. 

The two rocks which seem to be most abundantly represented among 
the erratics found near Stonyliurst are — first, a compact, deep, purplish 
red Permian marl, which is slightly exposed four miles to the north-east, 
near Clitheroe ; secondly, a compact yellow sandstone, very persistently 
characterised by speckles of brown iron-oxide. I have coupled this rock 
with the one first mentioned because I think it likely that it, too, is 
Permian or Triassic. The erratics composed of these two rocks all seem 
to be of quite small size. 

Almost as numerous as the above mentioned, and far exceeding them 
in size, are boulders composed of various andesitic rocks, showing a strong 
family likeness, perfectly fresh and hard, of a grey colour, slightly varied 
in different specimens by greenish and bluisli tints. Many of these 
measure a full cubic foot or more, and show well all the characters of 
ice-borne boulders. Most of them are certainly identical with rocks in 
Borrowdale (andesites of the well-known Borrowdale scries). 

Next, perhaps, in frequency of occurrence come small rounded or 
flattened boulders of a fine-grained rose-coloured rock of syenitic aspect. 

Of another rock, also of syenitic aspect, but much larger grained, I 
procured a single boulder, the size of an infant’s head, from a field-drain 
close to the college. 

_ [Mr. Kendall is of opinion that both of these are varieties of the 
Buttermere granophyre.] 

A single piece of a compact, homogeneous pink rhyolite, picked up 
within a mile or two of Stonyhurst. 

This specimen seems to mo certainly identical with a similar pink 
rhyolite, composing a remarkable group of large boulders a mile or two 
west of Dungeon Ghyll Hotel, near Grasmere, by the side of a broad 
path or cart-track leading up the valley to the west from the back of 
the hotel. Some of the boulders measured two or three cubic feet. 

A few hundred feet above the college, on the slope of Longridge Fell, 
boulders of other than local rocks become very rare ; at a lieigbt of 1,100 
feet, or so, all drift has disappeared, while on the top, at a height of 
some 1,300 feet, 1 have often walked for miles, examining ground, walls, 
and cairn, and have never been able to find a single worn pebble or 
boulder— nothing but angular fragments of the local sandstone. On 
Fairsnape Fell, to the north, at about the .same height, I have noticcid 
the same fact. 


Reported by Mr. G. J. C. Broom, F.G,S. 

Group. 

St. Helen’a . — New Street, on east side of borough between Lancaster 
Street and Coburg Street. Largest, 2 ft. x 1 ft. 6 in. x — ; Smallest, 
6 in. diam. ; the majority were of small size ; all water-worn. [? Rounded. — 
P. F. K.] They occurred in boulder clay about 10-20 ft. beneath the 
surface in a trench 600 ft. long and 6 ft. wide. About two cartloads 
were found. One specimen examined was of Buttermere granophyre. 
[P. F. K.] 0 in. X 4^ in. x 2 in. ; flat ; egg-shaped ; water- worn 
[? Rounded. — P. F. K.] ; finely scratched and grooved upon two faces ; 
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grey sandstone or grit. [? L. Silurian of Lake District or Galloway. — 
P. F. K.] 

Tontine Street, Central Ward. 1 ft. 4 in. x 10 in. X 7 in. ; angular ; 
scratched obscurely on the top side, which is flat; grey granite. [Gallo- 
way. — P. F. K.] 

Water Street, Centra-l Ward. 2 ft. x 1 ft. 10 in. x — ; water- worn ; 
grey granite. 

Oxford Street, South Windle Ward. 7 ft. x 2 ft. x — ; lying at 
present north and south, widest end north; andesite, L.D.' ; IGO ft. O.D. ; 
? if it has been moved by man. 

Norman’s Road, Sutton. 3 ft. x 2 ft. x 1 ft. ; long axis north and 
south ; water- worn ; red granite [? Eskdale] ; embedded in boulder clay 
at about 12 ft. deep. 

Group. 

St. Ilchu's, between Vincent Street and Charles Street, Hardshaw 
Ward — This group consists of red granite and blue (trap) rock varying 
in size from 3 in. diam., egg-shaped, to about 27 in. diam. and 10 in. to 
20 in. deep. They occur in the space of every 20 yards square, in 
about equal proportions as to rock ; if anything the blue predominates. 
But few sliow scratches and all are water- worn [? rounded]. [The 
specimens, eleven in number, accompanying this report comprised the 


following : — 

Amle^iites (L.D ) (> 

Duttermore gianophjTO . . 1 

E.skdal(3 f;ranite ? .1 

Galloway granites ^ 


U 

— P. F. K.] 

The following list was of the larger sizes taken at random : — 

(a) 2 ft. 2 in. x 2 ft. 3 in. x 1 ft. 8 in. ; anpnlar ; flat on top ; reel granite. 

(h) 1 ft. 8 in y 1 ft 9 in. x 10 in. ; angular: Hat on to]); well-defined scratches, 
tliongl) not deep; Line [? andesite] 

(e) 1 ft. 8 in. X 1 ft. 3 in. x 9 in, ; angular ; blue [/ andesite]. 

(ti) 2 ft. 1 1 in X 3 ft. X — ; angular ; blue f'andchite]; 

(r) 2 ft. y I It. 6 in. x 9 in . ; angular ; blue [' andesite]. 

These cover an area of about an acre. The smaller sizes are given 
as about 50 cartloads to about 70-100 square yards superficial. 

(/) Three boulders, each about 1 ft. (> in. x 1 ft. 2 in x 8 in.; angular; red 
granite 

(y) 2 ft. 1 in X 1 ft. G in. X 1 ft.; angular; coarse-grained grey granite 
[? Galloway]. 

(/() Tlnee others of like size, but not acccs-'ibie. 

Iteported hy Mr. S. S. Platt, Assoc. Mem. Inst. C.E, 

All the following are from the neighbourhood of Rochdale : — 

PaciY.™ At top of incline in H. Heys & Co.’s quarry — 

(1) 2 ft. 10 in. X 1 ft. 10 in. x 2 ft. ; subangular ; striated at top ; granophyre, 

Butt ermere. 

(2) 1 ft. 2 in X 1 ft. X 10 in. ; rounded ; weathered. 


‘ L.D. -Lake District. 
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(3) 8J in. X C in. X 7J in. ; rounded ; granophyre, Buttermcre. 

(4) Sir. diam.; rounded. 

(4a) 5 in. X 5 in. X 6 in. ; rounded. 

Mean Hey Quarry — 

(.5) 5 in. X 4 in x 4 in. ; angular ; rhyolite ; L D, [ = Lake District, and belowj. 
(0) in. ; pebble ; quartzite. (P\:>und near Nos. 5 and 7 in drift under peat.) 

(7) 3 in X 3 in. x 3 in. ; angular; andesite; L.D. 

(8) 5^ in. X 3i in. x :H in. ; subangular; andesite ; L.D. 

(9) 9 in. X G in. x 7 in. ; rounded ; granite. 

Near Bufcterworth and Brooks* office in quarry -- 

(10) 10 in. X 6 in. X 4 in. ; .subangular; faintly scratched in direction of long 

axis ; ? Needle’s Eye ; syenite. 

[I think it probable that this and other specimens so named may be 
a-bnormal varieties of the Buttermcre granophyre. — P. F. K.] 

(11) About same dimensions as 12; andesite; L.D, 

(12) 1 ft. 3 in. X I ft. () in x 1 ft. ; weathered ; andesite ; L.D 

(13) 2 ft. 4 in. X 1 ft. 11 in. x 1 ft. 8 in. ; subangular ; poli'-hed on top but not 

.scratched. (This lay just un<ler the peat, which is here 8 ft. thick.) 

(14) 4 in. X 4 in. x 2 in. ; flat ; quart/ 

(14a) 1 ft. ^ in. X 9 in. X 0 in ; slighth .scratched in din'ction of long axis; 
granophyre, Buttermcre. 

^15) 9 in. X 4| in. x 4 in. ; flattened ; polished ; granophyre, Buttermcre. 

'(loA) 9 in. X 7^ in. X 5} in. ; subangular ; polished ; granophyre, Buttermcre. 

Hall Cowm Quarry — 

(16) 1 ft. 8 in. X 1 ft. X 9 in, ; scratched in direction of long axis ; marks in. 

deep; chert. 

(17) 6^ in, X 4 in. X 2^ in. ; subangular; scratched in direction of long axis. 
QS) 10.^- in. X 7 in. X 5 in. ; subangular 

Ditto, on Cowm side — 

(19) 12 in. X 0 in. X G in. ; rounded ; p<u-])hyritic andesite ; L.D. 

(20) 8 in. X 6 in. x 4 in ; rounded ; graiiopliyre, Buttermcre 

Ditto, above Cowm — 

j(21) 8 in. X 6 in. x 5 in. ; slightlv scratched in direction of long axis ; andesite ; 

L.D. 


Grovp. 

Hopwood brickworks, about 1 mile south of the centre of 
Hey wood. The section shows a bed of purple boulder clay 7 feet thick, 
[ 50 vered by drift-sand about G- 7 feet thick. Where unspecified the 
boulders are from the clay. About 4G0 feet above O.D. 

(68) 8 in. X 4 in. x 5 in. ; angular ; Carboniferous lime.stonc. 

(69) 1 ft. 6 in. X 1 ft. 6 in. x 9 in. ; subangular ; weathered ; ? variet}^ of Crcc- 

town granite ; from drift sand, 

(60) 7 in. X G in. x 3 in. ; subangular; longitudinally scratched ; porphyritc ; 

L.D. 

(61) 10 in, X 9 in. X 8 in. ; rounded ; granite ; E.skdale. 

(62) 9 in. X 6 in. x 6 in. ; rounded ; andesitic agglomerate ; li.D. 

(63) 8 in. X 6 in. x 3 in. ; angular ; andesite ; L.D. 

(64) 9 in. X 6 in. x 6 in. ; flattened ; slightly scratched at ends ; granophyre, 

Buttermcre. 

(66) 1 ft. y 9 in. X 8 in. ; rounded ; andesite ; L.D. 

(66) 1 ft. X 9 in. x 8 in. (in two pieces) ; andesite ; L.D. 
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(67) 10 in. X Tin. X 6 in. ; subangnlar ; crossed scratches on flat face; ande- 

site ; L.D. 

(68) 1 ft. X 1 ft. X 8 in. ; ellipsoidal ; scratched longitudinally ; qiiartzose rock. 

(69) 8 in. X 10 in. x 8 in. ; rounded with one flat face ; a little scratched near 

ends ; variety of granophyre, Buttermere. 

(70) 1 ft. X 10 in. X Tin.; rounded with flattened faces ; scratched on faces ; 

quartzose rock. 

(71) 1 ft. 3 in. X 9 in. x 6 in. ; subangular ; well scratched longitudinally and 

some cross .scratches ; quartzose rock. 

(72) 1 ft 2 in. X 10 in. x 9 in ; rounded ; granite, Eskdalo. 

(73) 10 in X 8 in. x .6 in. ; subangular ; scratched on flat side; quartzose rock. 

(74) 10 in. X 8 in x o in. ; subangular ; much striated ; quartzose rock. 

(75) 6 in X 5 in. X 4 in. ; angular ; rhyolitic a.sh ; L.D. 

(76) 1 ft. 6 in X 1 ft. 1 in. x 9 in ; longitudinally scratched ; red-brown grit- 

.stonc. 

(77) 6 in. diameter; rhyolite ; L D. 

(78) 8 in. X 6 in. x 5 in. ; purple gritstone. 

(79) 1 ft. X 9 in. x 9 in. ; .subangular; scratched ; andesite with cpidotc ; L.D. 

(80) 9 in. X 6 in. x 4 in. ; subangular ; quartz porpliyr}' 

(81) 6 in X 8 in. ; quartz porphyry. 

With these are many limestones and andesites 3 in. -6 in. in diameter. 
Many of them are scratched. 

Hey wood. hedge on west side of road— 

(82) 1 ft. r> in X 1 ft. 1 in x 10 in.; subangular; flattened ; granophyre, Butter- 

mere 

(83) 1 ft. 6 in X 1 ft x 1 ft. ; subangular ; granite 
(83a) 1 ft X 10 in X 10 in ; subangular; andesite ; L.D 

Near Heber’s toll-gate -- 

(81) 1 ft. 6 in diameter ; andesite ; Ti.D 

Rochdale. — King Street South, Grove Street - - 

(97) 9 ir. diameter; granite. Cf. Daliy, New Galloway. O.D. 470 feet; out of 

gravel about 6 feet below surface. 

(98) — X 5 in X 4 in. ; gi'anite, Galloway 

Between Bum Edge and Knot Booth, miles south-east of centre of 
Rochdale, above side of road - 

(99) 4 ft. X 2 ft A 1 ft. 9 in. ; subangular; sandstoiio or grit. 

Near Haugh Hey, in field above Wood Mill — 

(100) 2 ft. 6 in. X 2 ft. 6 in. x 2 ft ; ver^’ much rounded with hummocky ends ; 

andesitic agglomerate ; L D. 

(101) 1 ft. 2 in. X 11 in. X 10 in ; subangular: granoplure, Buttermere. 

(102) 2 ft. 3 in. X 1 ft. 9 in xl ft 3 in.; subangular with flattened sides; 

scratched longitudinally; quaitz felsitc with epidote. 

Gi'oiijy. 

Sparth*^ Bottoms, Norman Road, half a mile S.W. of Town Hall, 
Rochdale. The section (which is for brick clay) shows above 16 ft. of 
strong purple boulder clay surmounted by 9 ft. of drift sand and gravel. 
The gravel is at the top, and is about 4 ft. thick. The bottom of the 
cutting is at about 400 feet O.D. 

(105) 8 in. X 6 in. X 4 in. ; subangular ; granite, Galloway. 

(106) 8 in. X 0 in. x 6 in. ; subangular ; andesite ; L.D. 

(107) 9 in. X 8 in. X I ip. ; flattened ; scratched longitudinally ; grit. 



282 


REPORT — 1891 


(108) 2 ft. 4 in. X 1 ft. 9 in. x 1 ft.; subangular ; scratched longitudinally; 

Clithi'i'oe grey limestone. [? Locality. — P. F. K.] 

( 109) (J in. X 4 in. x — ; rounded; granite, Galloway. 

(110) 7 in. X 5 in. X 4 in.; rounded ; granite ? Cairnsmore of Fleet. 

(111) 2 ft. G in. X 1 ft. 8 in. x 1 ft. ; rectangular ; .scratched longitudinally, and 

on one side diagonally ; sandstone grit. 

There are many like tliis about 3 ffc. x 2 ft., and many andesitic and 
breccias or agglomerates about 3 m.-4 in. diameter. 

(in A) 2 ft. G in. X 1 ft. 8 in. x 1 ft. 4 in. ; ‘cank.’ 

(112) 6 in. X 4 in. (broken) ; granite with red felspar ; Gallowa}". 

(113) 7 in. X (» in. X 5 in.; scratched longitudinally and at lounded corners; 

limestone. 

(114) .*) ft. X 2 ft. X 1 ft. 9 in. ; long and angular ; well scratched and grooved 

longitudinally; ‘cank.’ 

(llo) 1 ffc. 2 in. diam. ; nearly spherical ; subjingular ; sandstone giit. 

(IIG) 3 in. X 2 in. A — ; granite ? var. of Eskdale. 

(117) 3 in. X 2 in. X — : granite, Eskdale. 

(118) 1 ft 7 in. X 1 ft. 2 in. X 7 in. ; subangular to round; much scratched 

longitudinally and diagonally; flag-rock. 

(119) 4^ in. X 3 in. x 3 in ; oval ; purple quartzite, 

(120) 10 in. ^ 7 in. x 6 in. ; rounded ; rectangular; granite ? \av, of Eskdale, 

(121) 7 in. X in. x — ; .subangular; gianitc, Galloway. 

(122) 7 HI X 7 in, x 4 in. ; andesite ; L.D. 

(123) 7 in X G in. x 4 in. ; subangidar; ? var. of granopliyre, Eultermero. 

(124) 4 in. X ,3 in. X — ; subangular ; rhyolite ; L D. 

(125) in. X 2.^ in x m. ; subangular; granite 7 Cairnsmore of Fleet. 

(126) ,5 in. X 4 in x - - ; rounded ; grey granite ? var. of Crectnwn. 

(127) Ij diain ; subangular; scratched; hiematite. [Tlieic wore several of 

these.] 

(127a) 4 in. X 2 in. ; triangular ; hoinblende-ande.eito ; L 1). 

(127b) ; well scratched; red variety of Carboniferous limestone. [This. 

much resembles tlie loe.ks exposed in the bed of the llibblc, near 
Myttori bridge — 1*. F. K.] 

C7‘02(p. 

Greenbooth, Nadcii Valley, two miles I^.W. of the centi’c of Roch- 
dale — 

(128) 2 ft. 1 ft G in. x 1 ft. G in ; subangular; granophj're, Buttermere. 

(129) 2 ft. X 1 ft. G in. x 1 ft. ; subangular ; broken ; granophyn*, Buttermere. 

(130) 1 ft, G in. X 1 ft. X I ft. ; subangular; quaitz porpbyiy'. 

(131) 2ft. G in. x2 ft. x I ft. 6 in. ; rectangular with rounded corners; under 

side flattened and scratched longitudinally' ; granoj)hyre, Buttermere. 

(132) 3 in. X 2 in. x - - ; rectangular ; quartzite. 

(133) About 1 in. cube ; luematite. 

(134) 1 ft. 4 in. X 0 in. x 8 in. ; subangular; granite, Eskdale. 

(135) 1 ft. G in. X 1 ft. X 8 in, ; subangular; smoothed ; ?. syenite, Needle's Eye, 

Col vend [see No. lOj. 

(13G) 1 ft. G in. X 8 in, 4 in . Hat; angles very little rounded ; quartz fcKitc 
with epidoto. 

(137) 1 ft. 4 in. X 1 ft. 1 in x 7 in. ; subangular ; granophyre, Buttermere, 

(138) 1 ft. 8 in. X 1 ft. 3 in. x 10 in. ; rectangular ; bedded ash ; ? Borrowdale ; L.D. 

(139) 1 ft. 2 in. X 9 in. x 7 in. ; subangular; hornblende-andesite ; L.D. 

(140) 1 ft. 3 in. X 9 in. x 10 in. ; irregular ; rhyolite ; L.D. 


Group. 

Heywood Waterworks Reservoir, 675 ft. O.D., near by-wash of 
lowest reservoir near Meter Hoase ; many andesites and syenites, about 
2 ft. diameter and upwards. 
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Hey wood Waterworks Reservoir, in bottom of lowest reservoir near 
iron-pipe outlet — 

(111) 2 ft. X 2 ft. X 1 ft. ; subaii«:nlar ; scratched at sides graiioi)hyre. Butter- 
mere. 

(142) 5 in. X .‘i in. x — ; oval ; quartz vein-stuff ; L.D. 

(143) 2 ft. X 1 ft. 6 in. X 1 ft.; subangiilar; sidc.s smoothed; granopliyre, 

Buttermcre. 

(144) 2 ft. X 1 ft. 4 in. X 1 ft. 2 in. ; iiTcgular ; subangular ; smoothed and 

weathered ; ? syenite, Needle’s Bye, Colvend [see No. 10]. 

(146) 3 ft. X 2 ft. X - - ; smoothed ; weathered ; granophyre, Buttermere. 

(146) 1 ft. X 1) in. X 6 in ; granopliyre, Buttermere 

(147) 1 ft. G in X 1 ft. 6 in. x — ; volcanic ash ; L D. 

(148) 2 ft. X 2 ft. X 1 ft 2 in. ; rounded ; granopliyre, Buttermere. 

At foot of by-wasli to middle reservoir. 

(149) G in. X G in x 1 ^ in. ; ilattened ; qimrtzo.se gidt, 

(150) 2 ft 3 in. x 2 ft. 3 in. x 1 ft. 2 in. ; .subangiilar; rounded ends ; .scratched 

lon; 4 itudiiially ; ? s>onite. Needle’s Eye, Colvend [see No. 10]. 

(151) 1 ft. 10 in X 1 fi 10 ni. X 1 ft , angular to subangular ; Ilattened and 

rounded; ? syenite, with niaike<l crystals of epidote [see No. 10]. 

(152) 2 ft. G in. X 2 ft. G in xl ft.; subangular; smoothed; ? syenite, with 

marked crystals of epulote (see No. 10]. 

(15:i) 3 ft. X 2 ft >. 1 ft. G in. , ii regular ; subangular; smoothed and weathered ; 
? syenite, with marked ciystals of epidote [see No. 10]. 

Near Moorside, wTst side Spring Mill Reservoir, Rochdale Water- 
works, about 850 O.D. — 

(158) 4 ft. X 1 ft. 9 in. X 1 ft 9 in. 

(159) 1ft G in. X 10 ill. X 5 in ; .subangular; quart/ose giit, with .slaty frag- 

ments. [Cf ‘ Haggis Bock, Queensberry grits . — \\ F. K.] 

(ICO) 2 ft. X 1 ft, 3 in. cl ft.; subangular, with rounded corners; ? var. of 
granophyre, Buttermere 

Near Hill Top Farm, Castleton, 1.’, mile S. of centre of Rochdale, 
500-550 ft. O.D.— 

(160) 2 ft. X 1 ft. 3 in. x 1 ft. ; irregulni ; subangular; flattened on one side ; 

\olcanic ash, L D. 

(170) II in.xlO in. X 7 in.: angular, with flattened sides and end.s ; corners 

loimded; weathered; gianoi»lure, Buttermere. 

(171) 1 ft. 1 in. X 10 ill. X 8 in. , tetiahedral ; three sides polished and grooved ; 

granite, (Jallow’ay, 

(172) 2 It. 3 in. x 1 ft. 10 in. x 10 in : subangular ; w’cathered ; millstone grit. 

(173) 8in.x'7 in. x G in ; subangular, with rounded ends and flattened sides ; 

andesitic breccia, L D. 

(171) 8 in. X 5^ in. x 3.V in. : subangular ; weathered ; volcanic ash ; L.D, 
(174 a) 10 in. X 7 in. x .5 in. ; volcanic a.sli ; L.D. 

(176) 9 in. X 8 in x 5 in. ; lounded, weathered ; granophyre. Buttermere. 

(17G) 5 ill, X I in. x 1 in. ; lounded, and very much weathered; granite, Esk- 

dale. 

(177) 11 in. X 8 in. x I in.; irregular; flattened side; scratched diagonally; 

‘ cank,’ (There are many grits and canks not enumerated.) 

(178) 5 in. X 3^ in. x 2 in. ; oval ; rhyolitic ash ; L.D. 

(179) 1 ft. 3 in. X 10 in. x G in.; flattened, with rounded corners ; grooved a 

little on flattened .sides ; andesite ; L.D. 

(180) 2 ft, 3 in. ( + )x2 ft.xl ft. G in.; subangiilar; a little grooved at 

rounded corner ; (lannistcr, fine siliceous rock. 

(181) 2 ft. X 1 ft. 3 in. X 1 ft. 3 in.; subangular, with rounded corners ; red- 

brown grit, like those ending N.W. of Rochdale. 

(182) 1 ft. 4 in. X 10 in. x 3 in. ( + ) ; flat side nji. 

(183) 1 ft. 3 in.xll in. x 1 in.; oval; two sides, flattened and scratched 

longitudinally; andesitic breccia ; L.D. 
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(184) 1 ft. 2 in. X 9 in. > G in. ; subangular ; quartz felsite with epidote. 

(185) — siibangular ; hornblende andesite. 

(I8t)) 6 in. y 5^ in. x 4 in. ; rounded ; porphyritic andesite ; L.D. 

(187) 5 in. y 4 in. x 3 in. ; rectangular; red devitrified rhyolite ; L.D. 

(188) 9 in. X 7 in. x o in. ; siibangular; porphyritic andesite ; L.D. 

(189) 8 in. X 5 in. x 4 in. ; subangular ; ? Silurian grit. 

(190) 8 in. X o in. x 5 in. ; rounded ; andesite ; L.D. 

(191) G.| in. X 4 in. x 3 in.; siibangular; andesite, containing garnets (? Kes- 

wick). 

(192) 1 ft, 2 in. X 1 ft. X 8 in. ; subangular ; irregular ; granophyre, Buttermere. 
Facit Cemetery, in front of mortuary chapels — 

(193) 7 ft. X 4 ft X 2 ft 9 in. : oblong ; angular with rounded corners ; scratched 

diagonally to length; granophyre, Buttermere. 

North end of mortuary chapels — 

(194) 6 ft. X 3 ft. 6 in. X 3 ft.; rounded; flattened; one side hummocky; 

granophyre, Buttermere. 

(195) 9 in. X G in. x 5 in. , ?s3''ciiite ; Needle’s Eye, Colvend [see No. 10]. 


Group. 

Road from Hill Top by Grange Barn, Cowm Top, &c., to Hardy 
Bridge, abont IJ miles south of centre of Rochdale. 550-600 ft. O.D. 

(19G) 9 in. X G in. x — ; rounded ; gut. 

(197) G in. X 3 in. x 2 in ; flat ; granite, CJalloway 

(198) 6 in, diam. ; granite, Eskdale. 

(199) 9 in. X 6 in. X 4 in. ; irregular : rhyolitic ash ; L D. 

(200) 6 in. X 4 in. X — ; oval ; granite, Galloway. 

(201) 4 in. X 3 in. X 2 in. ; subangular ; red rhyolite ; L.D 

^202) quartzite 

(203) 1 ft, 9 ill. X 1 ft. G ill. x 1 ft ; quart z porphyry or porphyritic rhyolite. 

(204) 8 in. x G in, x 4 in. ; rounded ; rhyolitic ash with well-marked ciystals of 

hornblende. 

(205) G ft. Gin x4 ft. 6 in. x 4 ft G in.; subangular; two sides smoothed, 

flat and striated, one especially so, with long grooves lengthwise. 
Also on rounded edge near the same. Above this on the top (as lying 
at pre.sent), the striation.s arc at an angle of about G0° div'crgence 
from the la.st, and here it is rounded and polished. Flag rock. This 
is a very well-marked local glacial boulder, and from authentic infor- 
mation I learn that it vas di.scovered alw>ut 1870 in driftsand about 
4 ft. beneath the surface, 400 ft. O.D., and 25 y<ls. soutli of the river 
Roch. 


lleported hy Mr. P. F. Kendai-l, F.G.S. 

First field north of Peel Moat, Heaton Chapel, near Stockport — 

3 ft. 2 in. X 2 ft. 7 in. x 2 ft. G in. ; subangular ; moved grey Coal-measure 
sandstone, weathering in a bright buff ; source not detemiinable ; the 
at present upper surface is striated longitudinally, i.c , in direction of 
long axis ; adjacent hills are covered with glacial sand, but this stone 
was found in the underlying clay; boulder clay. 

Grovp. 

The specimens were from a heap in the brickyard. They had been 
obtained from very fine sticky clay containing very few stones and 
occasional shells in fair preservation. The clay exhibits very compli- 
cated folds and contortions. It is overlain by sands, and rests upon red 
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sandstone rock. This group is very noteworthy, as it contains so many 
varieties of basic rocks (dolerites, &c.) of a type either absent or very 
rare in other localities. 

Heaton Mersey ^ near Stockport, Bailey’s brickyard — 

L.'irgest about 1 oiib. ft., smallest about 3 cub. in. ; some in each con- 
dition ; all moved ; several are well scratched longitudinally, especially 
the limestones ; Dalbeattie, Criffel, Eskdalc (Cumberland), Butter- 
mere j ? Cairnsmore of Fleet (Galloway). 


Specimens 

Khkdalo granite .......... 3 

Buttermere gTano[)hyre ........ 2 

Yewdale breccia ......... 2 

Bright pink micaceous porphyry ...... 1 

(Jriffel granite 1 

Dark green roc;k with augite ....... 1 

Fine hornblende syenite .... . . . 1 

Granite ? Cairnsmore of Fleet 1 

Yellowish quartz porphyry ....... 1 

Rhyolite 2 

Andesite ........... 3 

Dalbeattie granite 1 

Dalbeattie granite ? 1 

Dolerite (fresh) 3 

Dolerite (coaise) 1 

Dolerite 1 

rcridotitc (much doconqxiscd) ? . . . . , . .1 

Andesitic ash .......... 3 

Millstone grit 3 

Coal-measure sandstone 4 

Coal-measure sandstone (red) ....... 1 

Gamii.stcr ... 1 

Carboniferous limestone ..... . . 3 

Silurian grit 3 

New lied sandstone 3 


47 

Manchester. — Stretford Road, opposite No. 530 — 

4 ft. X 4 ft. X 3 ft. ; scratched on all \isible faces, mostly parallel to long- 
axis; scratches on one flat surface are jiarallel to but in opposite 
direction to those onthcotlier; Coal-measure sandstone; in boulder 
clay, about 30 ft. from the surface ; boiildei clay. 

Stretford Road, junction with Chester Road. About three tons of 
broken-up Coal- measure sandstone — relics of a great boulder found in 
a .sewer-beading. It was finely striated, but no direction could be assigned. 

Barton^upon-Irivell . — Manchester Ship Canal, 200 yards west of 
Barton Hospital — 

3 ft. 10 in. X 3 ft. 8 in. X 1 ft. C in ; subangular ; well scratched on visible 
face ; grey Coal-measure .sandstone. 2 ft (1 in. x 2 ft. x 1 ft. 6 in. ; 
roimd(‘d, tiiangiilar in section; longitudinally scratched; granite, 
Eskdalc. 

50 yards from cast end of Sticking’s Island — 

3 ft. () in. X 3 ft. V 2 ft. C in. ; liver-worn ; andc.site ; L.D. 

2 ft. 9 in. X 2 ft 4 in. x 1 ft. 2 in. ; river- worn ; andesitic ash ; L.D. 

Irlam, in Railway Goods-Yard — 

2 ft. 3 in. X 2 ft. 3 in. x 1 ft. ; subangular; Coal-measure sandstone. 
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Meported hy Mr. J. W. Gray, F.G.S. 

Group. 

Lcvensliulme . — New railway cutting about 200 yards east of Slade 
Lane. A large boulder of Goal-measure sandstone is to be seen having 
a group of smaller stones packed in front of it, the whole resting on tho 
soft purple shales associated with the Ardvvick limestone. Tho large 
stone was separated from the underlying Coal-measures by a thin layer 
of brownish boulder clay, and (immediately in contact with the boulder) 
a film about 3 in, thick of worked-up shale, which was also massed in 
front (i.e., to eastward) of it, and formed the nidus of the smallest 
stones before mentioned. In this case tho evidence was hold to be con- 
clusive as showing the direction of movement. Tho packed shale and 
fragments of stone were on tho easterly side of the large boulder, and the 
largest subangular fragment, 2 ft. x 1 ft. 8 in. x 1 fb. 2 in., consisted of 
Ardwick limestone of a kind which cropped out 50 yards to the west- 
ward. Tho dimensions of the sandstone boulder are 5 ft. x 4 ft. 3 in. 
X 2 ft. 4 in. Long axis about N. 50° W. magnetic. It is scratched upon 
all visible faces. Tho principal scratches upon the upper surface are 
from N. 50° W., f.e., in the direction of the long axis. They clearly 
originate at the north-westerly end, and finish at the south-easterly end. 


[A boulder of igneous rock, resembling rocks from tho Lake District, 
weighing 2^ tons, found in Coronation Street, Reddish, has been described 
by Mr. Gray in the ‘ Annual Report of tho Stockport Society of Natu- 
ralists,’ 1889. It has been removed for preservation to the Vernon 
Park.] 

Eeported hy !Mr. Tuomas Axon. 

In river Tame on Lancashire side, about 100 yds. below Arden Paper 
Mills, near Woodley, Cheshire - 

8 ft. 3 in. X 7 ft. 8 in. x G ft. (> in. ; huhangular ; lias fallen out of some 
glacial deposit ; no distinct striatiuns; volciinic lock, probably rliyo- 
litic, and from the Borrowdale .senes of the Lake District ; about 10 
>ds. to northwards of bouinlary between Lancashire and Cheshire; 
i>olated from any glacial de]X>sit ; river silt. 

Haughion Green^ about 200 yds. below the river Tame from Arden 
Paper Mills, near Woodley, Cheshire — 

6 ft. 6 in, X 7 ft. 3 in. x 4 ft. 2 in. (visible). A groat mass lies beside the 
stone which has been broken from it. This would make the length 9 ft. 
0 in. instead of 6 ft. (> in. ; rounded ; has fallen out of the river-bank ; 
well scratched on the side which is now uppermost in direction of long 
axis; a rather coar.se ande.site, from Borrowdale series, L.D. ; 6 yds. 
on Cheshire side of Lancashire and Cheshire boundary ; isolated ; on 
bed of river Tame. 

5 ft. X 2 ft. 9 in. x 2 ft. 3 in. ; none of these is full measurement, as the 
stone is partly under wat(‘r ; rounded ; fallen out of river bank ; 
probably andesite, Borrowdale series, L.D. ; 5 yds. on Cheshire side 
of Lancashire and Che.shire boundary ; isolated ; bed of river Tame. 

In tho bank of the river Tame, under Arden Paper Mills, near 
Woodley, Cheshire — 

4 ft. C in. X 3 ft. 6 in. X 2 ft. 0 in. (visible) ; rounded ; has been moved ; 
isolated ; river silt. 
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Near Woodley, Cheshire, Mill Lane, Bredbury, at corner of lane lead- 
ing down to the bridge and quarry — 

2 ft. 5 in. X 2 ft. 2 in. X 8 in. (visible) ; rounded ; moved ; granite, Esk- 
dide, Cumberland; isolated ; doubtful, but probably boulder clay. 

In river Tame on Lancashire side, 160 yds. below Arden Paper Mills, 
near Woodley, Cheshire-- 

0 ft. c 2 ft. 4 in. X 8 in. ; rounded ; granite, Ebkdale, Cumberland. 
Haugliton Green, 20 yds. on Lancashire side of Gibraltar Bridge — 

2 ft. G in. X 1 ft. 10 in. x 0 in. ; rounded ; liat : andesite ; L.D. 

Burrow’s farmyard, opposite Conservative Club, Haughton Green 
Boad — 

2 ft X 2 ft. X 1 ft. fi in. ; rounded ; andesite ; L D. 

1 ft 8 in. X 1 ft 3 in. x 1 ft. 3 in. ; angular; Ardwick limestone. Both 
came out of the main sewer excavation. 

Farmhouse, opposite Prospect Place, Haughton Green Road — 

2 ft 2 in, (visible) x 1 ft. 8 in. x 1 ft. (visible) ; well rounded ; scratched 
longitudinally; an(le.sitc; L.D. 

Vaudry Lane, corner of Two tree Lane — 

2 ft 8 ill. X 2 ft. 4 in. x 1 ft. 9 in. ; rounded ; black-mica granite, Gallo- 
way. 


Group. 

Tib Street, corner of Stockport Road — 

(1) 2 ft. 2 in. X 1 ft. 4 in. x 1 ft. 2 in. ; rounded ; andesite ; L.D. 

(2) 2 It. 3 in. X I ft. 2 in. x 1 ft. 2 in. (visible) ; lounded ; granite, E.skdale. 

(3) 2 ft. 3 in X 2 It. X 10 in. (visible) ; subangulai ; granophyre, Buttermere. 

(4) 1 ft, 4 in. X 1 it 2 in. x 2 ft. (visible) ; subaiigular ; andesitic breccia. 

(5) 1 ft. 10 111 . X 1 it. 2 111 . X 1 ft. (visible) ; rounded; andesite; L.D. 

Corner of Clayton Street — 

2 ft. G in. X 1 ft. 8 in. x 1 ft. G in. (visible) ; rounded ; andesite ; L.D. 
Corner of Town Lane — 

2 ft. X 1 ft. X 1 1 in, ; siibungular ; andesite or rhyolite ; L.D, 

Corner of Acre Street and Town Lane — 

2 ft. 3 in. X 2 ft. X 1 1 in. ; subangular ; granophyre, Buttermere. 

2 ft. 6 in. X 1 ft. 8 in. X 1 ft ; rounded ; andesite ; L.D. 

Hyde Hall— 

2 ft. X 1 ft. G in. X 1 ft. 2 in. ; andesite ; L D. 

2 ft. 4 in. X 1 ft. C in. X 1 ft. 1 in. ; rhyolite ; L.D. 

100 yards west of Hyde Hall — 

1 ft. 10 in. X 1 ft. 8 in. X 1 ft. 2 in. ; subangular, ciiboidal : 'granophyre, 
Buttermere. 
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Cheshire. 

Hazel Grove, beside gate leading to Mill Hill, Norbury — 

1 ft. 10 in. X 1 ft. 7 in. x 2 ft. 1 in. (visible) ; rouncltd ; andesite ; L.D. 


Reported by Mr. Thomas Kay, J,F. 

Tahley House, near Knutsford , — At south- west side in Rydo Wood, east 
of Tabley Pool — 

5 ft. X 4 ft. 6 in. x 2 ft. ; scratched on side which is now towards east ; 

grey granite [Galloway P. F K J. 'J'his stone is set on end. 

.‘1 ft. 6 in. X 3 ft. X 2 ft. 6 in. ; rounded ; red granite. 

3 ft. 6 in. diam. ; triangular ; rounded. 

These boulders, with a few smaller ones, were probably dug up when 
the lake was enlarged. 

Reported by W. R. Dambrill-Dames, Surgeon-Major. 

Wilmsloio . — Lindow Common, in the centre of Common — 

4 ft. X 3 ft. 2 in. X 1 ft. 6 in. (visible) ; anguhu ; andesite ; L.D. ; the stone 
protrudes through peat winch is undeilain liy glai'ial sand. 

Near the old workhouse — 

4 ft. 4 in. X 2 ft. X - : almond-hhape<l ; andesite ; L.D. : removed from 
the Common. 

Mr. Henshall’s field — 

3 ft. X 1 ft. 0 in. X — ; ande.site ; L.D. ; removed fioni the Common. 

Near W. Worth’s pig-cote — 

3 ft. 4 in. X 1 ft. 1) in. x 2 ft. 3 in ; rounded • graiiih', h’skdalc ; removed 
from the Common. 

Potts’s turf -field — 

2 ft. 3 in. diam. ; almost perfectly spherical , granite , has been moved. 

Macclesfield. — Birtlcs-of-tlie-IIill on H. Bo^tock’s farm - 

Nearly 4 ft. in diam. ; somewhat triangular ; graniU' . has been moved. 


Reported by Mr. W. Brockbaxk, F.L.S., F.O.S. 

Northen EtcJiells. — Hey head Farm, Woodhou.se Lane — 

12 ft X b ft. G in. X 6 ft. (visible) ; very .sliarp and angular ; bean*.shaped ; 
S. 80° E. geographical ; amlositic rock from L.D ; 220 ft O.D. ; Dr. 
Ashworth, of Heaton Moor, iStockport, has photographed it ; the 
boulder protruded through the turf for many y(*ars. It rests on 
reddish buttery boulder clay, containing L.D., Scottish, and other rocks 
and flint. 

The stone has now been removed to. the grounds of Sir Edward Watkin 
at Northenden. 
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Uepurted hy Mr. P. F. Kendall, F.G.S. 

HeyLead Farm, Woodhouse Lane — 

Two boulders of similar composition to the above, bat weighing only 
about 2 cwt. each. 

Woodhouse Lane, 50 yards east of above — 

ft. X 2 ft 10 in. X 1 ft. fi in. ; well rounded and weathered ; moved ; 
andesitic ash ; L D. ; 220 ft. 

1ft. 10 in. X 1 ft 2in. xlft. ; well rounded and weathered; moved; 
andesitic ash ; L.l). 

Woodhouse Lane, half a mile south from Heyhead Farm — 

1 ft. 0 in. X 1 ft. 0 in x 10 in. ; rounded; Eskdalc granite, Cumberland. 

1 ft. () in X 1 ft. 2 in. x 10 in. ; roumled ; {?rey granite, Calloway. 

1 ft. () in. X 1 ft. x 0 in. ; iouude<l ; rhyolite with much iron pyrites ; L.D. 

1 ft. 0 in. X 11 in. x 8 in : subangular ; vesicular andesite ; L.D, 

1 ft. 0 in X 1 ft. 2 in x 1 ft ; rounded ; ? felsite ; L.D. 

1 ft. X y in X 0 in ; rounded ; andesitic ash ; L.D. 

1 ft. X 10 in X 10 in ; lounded ; dolerite. 

1 ft 15 in X 1 ft X 1 ft. ; rounded and much weatlicrcd ; grey granite with 
nuicli black mica; Gallowa>. 

2 ft X I ft 6 in. X 1 ft ; rounded ; Buttermere granophyre. 

1 ft, 2 in. X 1 ft. X 10 in ; siibangular ; grey granite, Galloway. 

1 ft 2 in X 1 ft. X 10 in. ; siibangular ; cherty felsite ; L D. 

2 ft. y 1 ft () in X 1 ft 2 in. ; rounded ; andesite ; L.D. 

2 ft. 0 in X 2 ft. X 1 ft ; siibangular; striated ; andesite ; L.D. 

1 ft ill. X 1 ft 8 in X 1 ft. 2 in ; rounded; andesite ; L.D. 

1 ft. X 1 ft, X y in. ; rounded ; andesite ; L D. 

These have all been moved; they are lying by the roadside. 

Siyal, — ]3eside footpath, 300 yards west by north of ‘ Ship ’ Inn — 

2 ft. 10 in. X 1 ft G in. x 1 ft. 6 in. ; rounded ; probably moved ; Eskdale 
granite ; rests on boulder clay. 

Group. 

Macderfield . — ‘ Setter Dog ^ Inn, 3 miles on Buxton Road. Largest, 
2 ft. X I ft. X ? ; smallest, 0 in. x 6 in. x 6 in. ; all rounded. 

Analysis. 

Nature Source No. of Specimens 


Granophyre .... 

Buttermere .... 

. 6 

Granite 

Dalbeattie ? . 

. 1 

Andesite .... 

L D 

. 4 

Agglomerate .... 

...... 

. 1 

Khyolite with much biotite . 

„ 0 ) ... . 

. 1 

Quartz porphyry 


. 1 

Brick-red porphyry 

Dee above Tongland (?) 

. 1 

Granite ..... 

Criffel ..... 

. 2 

Quartzite .... 


. 1 

18 


The boulders have all been moved. Altitude about 1,400 feet above 
O.D. 

100 yards east of ‘ Setter Dog * Inn — 

3 ft. X 1 ft. 8 in. X 1 ft. 2 in. ; subangular ; andesite from L.D . ; 1,400 ft. ; 
has been moved. 


1891. 


U 
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Gheadle Village. — Just behind the church— 

2 ft. l) in. X 1 ft. 3 in. x 9 in. ; rounded ; striated obliquely across the 
visible face ; andesitic ash ; L.D. ; 130 ft. ; has been moved. 

Woodley. — Back Lane — 

2 ft. X 2 ft. X 1 ft. 1 in. ; rounded ; andesite ; L.D. ; has been moved. 

2 ft. X 1 ft. 2 in. X 1 ft. 3 in. ; rounded ; Yewdale breccia, Cumberland ; 
has been moved. 


Grovjp. 

Behind Buckley’s lower mill — 

Larcfcst, 2 ft. x 1 ft. (5 in. x 1 ft ; small, (> in. cube ; f^annister ? ; granite, 
Eskdale ; hornblendic granite, Galloway ; granophyre, Buttermore ; 
Coal-measure sandstone I ; rhyolite, L.D. ; Carboniferous limestone ? 

The boulders were embedded in soft buttery boulder clay resting on 
the shales of the middle Coal-measures. The Coal-measure sandstone. 

Ueported by Mr. P. F. Kendall, F.G.S, 

Gro2ip. 

Hyde. — Clay-pit on bank of canal, near Apethorne Mill — 

1 ft. 3 in. X 1 ft. 1 in x 10 in : cuboalal ; .scratched ; andesite; L.D. 

2 ft. 7 in. X 1 ft. 5 in. x 1 ft 3 in , triangular in .section ; well striated on 

two faces ; andc'^itic agglomerate ; LI). 

2 ft. X 1 ft. G in. X I ft. 1 111 ; ob'^curelv scratched ; andesite ; L.D. 

1 ft. 6 in. X 1 ft. 3 in. x 1 ft. ; cuboidal ; well sciatched, the scratches 
upon upper surface parallel to but originating at the opposite end to 
those on the lower surface ; andesite, L 1) 

2 ft (j in X 2 ft. 4 in. x 1 ft. 3 in ; siibangular; scratcliod ; Coal-measure 
sandstone 

1 ft 8 in X 1 ft 4 in x 1 ft 3 in ; well lonnded; andesite; L.D. 

2 ft. G in X 2 ft 2 in. x 1 ft 11 in; ciibnidal and .slightly rounded; 

andesite ; L D 

1 ft 3 in. X 1 ft. X 1 ft. ; angular; Ardwick limestone, South-east Lanca- 
shire. 

10 in X 8 in x 8 in ; rounded ; Carboniferous limestone. 

1 ft. G in X 1 1 in x 8 in ; well rounded ; granite, Lskdale. 

1 ft X 10 in X 8 in. ; Anlwick limestone, brccciated variety, South-east 
Lancashite. 

1 ft 1 in X 1 ft 2 in. 0 in ; very well sciatclied in many directions ; 
andesite, J> D 

2 ft 2 in. X 1 ft 4 in x 8 in (Msible); rounded ; andesite ; L.D. 

1 ft, 2 in X 10 in x9 in ; not much rounded; sr-ratf^lied ; granite, 

9 in. X 8 in. x 8 in ; \erv coarse granite, E.skdale. 

1 ft X 10 in 0 in ; well ruumled; granopliyrc, Buttermere. 

1 ft 4 in X 1 It. 4 in. X 1 ft 2 in. ; rounded ; red blae,k-mica granite, 
Galloway. 

3 ft. X 2 ft, 10 in. X 2 ft. (visible) ; well scratched longitudinally; Carbo- 
niferous limestone. 

1 ft. 8 in. X I ft. 4 in. x 1 ft 2 in, ; rounded ; scratched ; yellow quartz- 
porphvry (' origin) 

8 in. X G in x G in. ; angular ; Ardwick limestone ; South-east Lancashire. 

11 in X 10 in. x 6 in. ; ! Permian limestone. 

f) in. X 4 in. x 4 in ; / Permian limestone. 

1 ft, 2 in X 9 in. ^ 9 in ; rounded; ande.site; L.D. 

1 ft X 9 in X 8 in ; much exfoliated ; grey black-mica granite, Galloway. 

1 ft. 2 in. X 8 in. x 8 in. ; well scratched longitudinally ; rhyolite ; L.D. 

7 in. X 5 in. x o in. ; angular ; Ardwick limestone. South-east Lancashire. 
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1 1 in. X 9 in. X 8 in. ; ronnded, but one end subanp^ular; andesite; L.D. 

1 ft. () in. X 1 ft. I in. X 8 in. (visible) ; rounded ; andesitic ash ; L.D. 

1 ft. 2 in. X 10 in. x 10 in ; rounded ; ^ranophyre (coarse var.), Buttermere. 

1 ft. 2 in. X 10 in. x 8 in. ; rounded ; granophyre (fine var., drusy), 
Buttermere. 

1 ft. 3 in. X 1 ft x 9 in ; rounded ; granophyre, Buttermere. 

1 ft. X 1 ft. X 9 in. ; dark grc}^ porphyrite with tinge of red ; L.D. 

1 ft. 3 in X 10 in. x 9 in. ; well rounded ; longitudinally scratched ; 
banded grey grit ; ? sihirian. 

Reported hy Mr. J. Reeves. 

Hazel Grove, Brook House Earm — 

2 ft. 3 in. X 1 ft 10 in. x 1 ft. ; rounded ; moved ; scratched longitudin- 
ally on two faces ; andesite ; L.D. 

Corner of Dean Lane, Norbury Moor — 

2 ft. 4 in. X 1 ft. 2 in. X 1 ft. ; .subangular ; ande.site ; L.D. 

2 ft. X 1 ft. X 10 in. ; subangular ; granophyre, Buttermere. 

Reported hy Mr. J. W. Gray, F.G.S. 

Offorton, Stockport. Field in front of ‘ Woodlands ’ — 

4 ft. 3 in, X 1 ft. r> in. x 2 ft. G in. ; .subangular ; granite, Eskdale ; 28G 
feet O.D. ; embedded in boulder clay. 

2 ft. G in. X 2 ft. xl ft. /> in.; rounded; gianite, Galloway ; 28G feet 
O.D. ; embedded in boulder clay. 

These two stones were touched by the plough, and subsequently were 
lug out and removed to the entrance to the stables, where they now lie. 

Daw Bank, Stockport - 

4 ft Sin X 2 ft G in. x 2 ft ; subangular; andesite; L.D, (Has been 
washed out of some gdaeial deposit.) 

1 ft 8 in X 1 ft, X 1 ft. .3 in. (visible); roumled; granite, Eskdale. (Has 
been washed out of some glacial dejiosit ) 

Cale Green, Stockport. In garden of house at corner of Beech 

Iload— 

3 ft. 5 in. X 2 ft. 10 in. \ 1 ft (visibh*) ; subangular; andesite ; L.D. 

Port wood, Stockport. In cveavation for now gasholder — 

4ft \3 ft. ^ 1 ft . wnteivvorn, Yevvdalo breccia; L D ; about 120 feet 
O.D ; mnbedded in iivcr graiel, which extends below the present 
river level, 

Chis stone has been placed at the entrance to the Vernon Park 
duseum. 


Reported hy Messrs. Geoiuje Shaw and Albert Taylor. 

Bramall. — 50 yards E. of Bramall Gates — 

3 ft. 3 in, X 2 ft. 2 in. x 1 ft. 6 in. ; triangul ir section ; coarse grey 
granite [? Eskdale]. 

Huxley’s Tenements, Robin’s Lane — 

2 ft. 7 in. X 2 ft. 1 in. x 1 ft. 2 in. , Ui^per and lower sides polished ; 
rhyolitic breccia [L.D.]. 

u 2 
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Groiqi. 

Robin’s Lane — 

1 ft.-l ft. G in. diam. ; andesite, syenite [? granopliyre], granite. 

Pepper Street Farm — 

2 ft. (5 in. X 2 ft. 1 in. x 1 ft. 4 in. ; upper side scratched ; granite, Esk- 
dalo. 

Adswood . — Lady Bridge Farm — 

2 ft. 6 in. X 1 ft. 8 in. x 1 ft. in. ; upper side scratched ; white granite. 

100 yards W. of above — 

1 ft. 8 in X 1 ft. i) in. x 1 fL ; upx:>cr side scratched ; fine red granite. 
Offerton. — Bed of stream 2o0 yards belotv Toll Gate, at Pan Bank — 

G ft X 4 ft. X 8 ft ; subangular; breccia [? L.D ] 

In bed of brook below Dooley Lane — 

5 ft. X 4 ft X 2 ft. 6 in.; rather angular ; shape irregular; white granite. 

Offer ton Lane, near Bleach Works — 

1 ft. G in. diam. ; granite, Eskdale. 

3 ft. X 2 ft. G in. X 1 ft. G in. ; andesite ; I.(.D 

2 ft. X 1 ft. X 1 ft. ; granite. 

Stream at Wilson’s Bleach Works — 

2 ft X 1 ft. 6 in. X 1 ft. G in.; scratched ; andesite; L.D. 

Offerton Lane, about oO yards W. of Wright’s Arms — 

2 ft. X 1 ft. in X I ft. ; andesite ; L D. 

Tft. 10 in. X 1 ft. in. x 1 ft. ; ande.silc; L D. 

Bradley’s Farm, Lisburno House, off Dial Stone Lane — 

2 ft 9 in. X 2 ft. 2 in. x 1 ft. 8 in ; andesite ; L.D. 

Group, 

Bradley’s Farm, Lisburno House, off Dial Stone Lane — 

1 ft. 3 in. — 1 ft. G in. diam. ; red granite ; white granite and andesites. 

Group. 

Hi!c End Lane. Dug out of boulder clay while repairing the road — 

2 ft. 2 in. X 1 ft. 4 in. X ] ft. 4 in. ; hornblendic granite [? Galloway], 

1 ft. 10 in. X 1 ft. 2 in. x 9 in ; hornblende-andesite ; L.D. 

2 ft. 5 in X 1 ft 7 in. x 1 ft. 7 in ; ande.sitc ; L D 

2 ft. 8 in. X 2 ft. 2 in. x 1 ft. 1 in ; andesitic breccia (sheared); L.D, 

2 ft. 8 in. X 1 ft. 4 in. x 1 ft. 4 in. [granite-porphyry ?] 

1 ft. 4 in. X 1 ft. 2 in. x 10 in. ; white granite. 

1 ft. 8 in. X 1 ft. 1 in. x 7 in. ; Coal-measure sandstone. 

2 ft. 8 in. X 2 ft, 5 in. x 1 ft. 7 in,; andesite ; L.D. 

2 ft. 2 in. X 1 ft. 7 in. X 1 ft. 1 in. ; breccia ? 

1 ft. 1 in. X 10 in. X 10 in. [fine red rhyolite]. 

2 ft. 2 in. X 2 ft. 2 in. x 1 ft. 8 in. [granophyre, Buttermcre]. 

2 ft. 2 in. X 1 ft. 6 in. X 1 ft. 1 in. ; granite {J Eskdale]. 

1 ft. 7 in. X 1 ft. 1 in. X 1 ft. 1 in. ; andesite ; L.D. 

1 ft. 7 in. X 1 ft. 7 in. X 1 ft. 1 in. ; andesite j L.D. 
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Norhury . — Mill Lane — 

2 ft. 6 in. X 1 ft. X 1 ft. ; white f^ranite. 

2 ft. X 1 ft. 6 in. X 2 ft. G in . ; andesite. 

Group, 

In bed of stream from mill to colliery ; 100 yards from bridge — 

(1) 1-2 ft. lonfjf ; andesites and j^ranite. 

(2) 2 ft. 2 in. X 1 ft G in. x 1 It 6 in. ; white granite. 

200 yards below colliery — 

2 ft X 2 ft. X 1 ft () in ; scratched andesite; L.D, 

llatlierlowy near Tioiniley. — Bunker’s Hill Hoad — 

2 ft 2 in X ] ft 1) in. x 1 ft G in. ; andesite ; L.D. 

2 ft. X 1 ft. 5 in. X 1 it. 4 in, ; andesite ; L D. 

Junction of Bunker’s Hill Koad and Chadkirk — 

2 ft X I ft. .2 in. X 1 ft 2> in ; granite [(j!aUo\\ay ; /Caiuisnioic of Fleet]. 

Field opposite cottages, Chadkirk — 

2 ft. 1 in. X 1 ft. 10 in x 1 ft 10 in. ; granite [(Jnllowav ; ? CaniiMiiore of 
Fleet J. 

Mar pic Acpieduct — 

2 ft. 3 in. X 1 ft. G in x 1 ft. 6 in. ; white granite. 

Groups. 

Brabbin’s Brow, Canal Bank — 

1-2 ft. long; breccias and andesites 
2 ft. 3 in. X 1 ft. 4 in x 1 ft. ; andesite ; L.D. 

Conservative Club, ^farplc — 

2 ft, G 111 . X 1 ft I in. X 1 ft 4 in. ; breccia ; L.D. 

1 ft, G in. long ; icd granit(‘. 

Marple lluhje.- 100 yards south of Mount Pleasant Chapel — 

2 ft. G in X I ft 10 in. x 1 ft 3 in ; fine buff granite with large quartz. 

Longsoii’s iOirrn, Marple Ridge — 

2 ft,. X 1 ft. G in X 1 ft G in ; white granite. 

Between Loiigson’s and the F^old — 

1 ft. 8 in. X 1 ft. 3 111 . X 1 ft. ; andesite , L 1). 

Marplcy near Gorkivcll Farm . — Lombray Lane — 

3 ft. X 2 ft. X 1 ft . G in. ; ? aiitlcsite. 

Windleliurst Lane — 

1 ft G in. diain. ; bluish granite [? Galloway]. 

1 ft. 8 in. X 1 it. 3 in. x 11 m. ; white granite [f E.skdale]. 

Horse Shoe Inn, High Lane — 

3 ft. X 1 ft. 10 in. X 1 ft. 8 in. ; white granite. 
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Royal Oak, High Lane — 

2 ft. G in. X 1 ft X 9 in. ; andesite ; L.D. 

Threaphiirst Lane — 

1 ft. 8 in. X 1 ft. G in. x 1 ft. (5 in. ; granite ? 

1 ft 6 in. X 1 ft. G in. x 1 ft. G in ; white granite [? Cairnsmore of Fleet]. 
9 ft. X 2 ft. 10 in. X 1 ft. 8 in. ; andesite; L.D. 


Tti^ported hfj Mr. J. H. Grundy. 

Parish of Mottram . — Township and Manor of Sfcayley, in field on 
Shaw ^loor Farm — 

7 ft. 6 in. X .3 ft. 11 in. X — ; snhangnlar ; very irregular in outline; 
circumference of part exposed, 20 ft G in. ; long axis about N.W. and 
SE ; andcMte (oi fel.site), L.D. ; 1,000 ft. O.D. ; is partially covered 
by peat. 

The stone is mutilated, a portion having been used to mend an adjacent 
wall. Two shot-holes can bo seen. 

In lane loading from Shaw Moor Farm to Roe Cross, opposite Round 
Hill Poultry Farm — 

2 ft. G in. X 1 ft 1 m. X 1 ft. .3 in , imimh'd 

Mailni/ Township . — ^fatley Lane, near Wrigley Fold Farm. Counted 
over tiiirty boulders here ; varying in size, mostly over 2 ft, long. 


Dfrid siriRH. 

Eepnrtpd Inj Mr. P. F. Kr:NDU.h, P.G.S, 

Little Hayfield, corner of road to l^ark Hall — 

1 ft 8 in. X 1 ft. G in. 8 in.; Kuinded , moved; no striations ; grano- 
p])vn‘, Ihittermere ; 723 ft 9 in above O D. 

] ft G in X 1 ft. Gin y 1 ft (visfole); rounded; moved; no striations; 
giainte, E^kdale ; 72.3 ft 9 in above O D 


lieportful hij Messrs. J. W. Gr.\y, F.G.S., and P. F. Kendall, F.G.S. 

PnigsiDorth . — First house on high road F. of railway station — 

2 ft X 2 ft X 1 ft. 3 in : rounded; move<l; volcanic agglomerate ; L D, ; 
G17 ft 7 in above O.D 

At the same place two smaller stones, ono being Crifiel granite and 
the other a Lake District andesite. 


Group. 

Pugsvjortli . — Ballast pit opposite signal post at K. end of tunnel on 
Midland Railway. The deposit is a gravel in which the largest stones 
do not exceed a 9-inch cube. The bedding is very high, and dips to the 
S. or 8.W. Altitude above O.D., 000 ft. and upward. Tho COO ft. 
contour passes across the floor of the pit. 
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Analysis of Stones. 

The stones consist of about 98 per cent, or upward of the local mill- 
stone grit, inclusive perhaps of a small proportion of Coal-measure sand- 
stone. Of the remaining 2 per cent., shales of local origin form part ; 
and of undoubted foreigners there were: — 

BorrowdnJe Series of Lake District. — Agglomerate, rhyolite, andesite, 
and vein- quartz. 

Granites. — Buttermere, Eskdalc, and Big o’ Burnfoot (or some other 
Galloway granite), flint, quartzite from Triassio Pebble Beds (F 2 )> 
Carboniferous limestone, chert, ochre, gannister. 

SxAFFORDSHIKE. 

Deported hj Mr. Fred Barke, of Stoke-upon~Trent, 

Madcley, Staff. In vicar’s garden, Kewcastle-under-Lyme — 

•1 ft. X 2 ft. 0 in. X 2 ft. (> in. ; nngular ; ‘trap.’ 

W ft. X 2 ft 1) in. X 2 ft. ; loimdcd; gianitc. 

Tlie vicar said these had been brought from a field at Stonoy Low, a 
few hundred yards S.E. of its present site, out of boulder clay. 

Little Madeley . — Gravel pit at point of bifurcation, close to * e ’ in 
* Little ’ (Madeley) on Ordnance map, Newcastle-under-Lyme, Staff. 
Small boulders of granite not exceeding 12 inches diameter. 

Tlie gravel pit is in grass land. Its extent not ascertained. Beds of 
sand and gravel alternate, and contain fragments of shells and chalk 
flints. Base of series not exposed. 


YoRKSniRE. 


Tlie following reports of erratic blocks and groups of erratic blocks 
have been furnished by the Yorksliire Boulder Committee : — 

A sipiare block of whinstone. The length is 2 ft. 7 in. by 2 ft. 4 in. by 
2 ft d in. above ground. In the parish of Folkton, near Filey, on the 
estate of J. Woodall, Esq., Scarborough. The farm is called West Flot- 
mauby Hall farm. Folkton is situated about five miles to the west of 
Filey. West Flotmanby Hall is east of Folkton about half a mile. No 
stria tions or marks of any kind, but upon the N.E, face of the boulder is 
the mark of the Governniont broad aiTow. The nearest district from 
wliicli it could have travelled is Kildalo, in Cleveland, ab^t forty miles 
west. About ir>0 ft. above the sea. It is situated nearly on the top of a 
ridge of gravel running N.L. by S.W., and rests upon gravel-sand and 
beds of clay. 

In the parish of Folkton, on tlio estate of J. Woodall, Esq., Scar- 
borough, round a spring head at the N. F. side of West Flotmanby Hall, 
near Filey, there arc several boulders which have been collected from the 
Carrs ; the largest is — 


2 ft. fi in X 1 f( . J 1 in. x 1 ft. R in. 
t M ^ f }» f ^ i t ,, 

1 „ R „ xO „ n xO „ 8 „ 

I „ 1 „ xO „ 10 „ xO „ 8 „ 

1 „ 0 „ X 0 „ 0 „ X 0 „ 8 „ 


Mountain limestone. 
Dioiito. 

Whinstone. 

Sandstone. 


All are subangular to rounded. They have all been moved to their pro- 
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sent position. The whinstone and diorite may have come from the west 
and the sandstone from the north-west ; probably about forty miles dis- 
tant. Height, about 150 ft. above sea-level. 

Group of boulders, 0^ 25/ 15" W. longitude; 54° 16' 30" ' 

latitude. Falsgrave, near Scarborough, where Stepney Hoad turns 
sharply to the right at Falsgrave. One 3 ft. 8 in. x 2 ft. Gin. x 2 ft. 8 in. 
basalt; one 3 ft. 3 in. x 1 ft. 6 in. x 1 ft. 6 in. red granite. Two of 
nearly the same size of lias, and numerous others down to the smallest 
sizes. About 130 tons have been carted away for road metal. Generally 
rounded, but a few are subangular. All have been moved. Striations in 
larger boulders in all directions. They are from all directions and differ- 
ent distances, and represent different formations, bnt many are igneous 
or met amorphic. Say 27 per cent, various ; 12 per cent, some twenty 
kinds of granite and syenites of diirercnt colours ; 4 per cent, gneiss ; 
12 per cent, basalts, various ; 8 per cent, quartzites ; 2 per cent, green- 
stones ; 4 per cent, volcanic ashes; 12 per cent, mountain limestone; 

1 per cent, millstone grit; G per cent, lias; 5 per cent- oolite; 5 per 
cent, pisolite ; 1 per cent, chert ; 1 per cent, clialk flint. Height^ 
200 ft. above tbc sea and covering an area of 150 yards X 20 yards. 
They are embedded in glacial drift, evidently slightly pervious. Some- 
water must have percolated through the clay acting chemically on sou>o 
of those most easily thus acted upon. In some cases the iron has been 
turned brown, but there has not been a free passage of water through. 
In levelling the road in question in no case have they gone more than 
6 ft. deep ; thus all were near the surface. 

Boulder of Shap granite ; measuring 2 ft. 11 in. long, 2 ft. G in. broad, 

2 ft, 1 in. thick. Tn the parish of Canton, near Scarborough, on tho 
estate of Sir C. Logaid, Gjinton Hall, now forming the corncr-stono 
on the premises belonging to the Greyhound Inn. Is a largo Shap 
boulder. It is from subangular to rounded and is oblong in shape. 
There are no indications of any stnm or grooving. It has been a sort of 
trysting stone for generations. An old man remembers Avhen lie first 
came to the village sixty-two years ago ; this stone was then at the junc- 
tion or angle of the road, and from this position anyone could bo seen 
approaching the village by the highw\ay. It was removed across the- 
road to its present position in 1853. It formerly stood at tho north 
corner of the village hme joining the highway. Height, about GO ft abovo 
the sea. The formation on which the boulder rests is composed of beds- 
of sand to a great depth ; there is oeeusionally a band of rough angular 
flint intermixed, but generally speaking the whole district about here is 
a huge sand-bed. 

At the west end of the same house are two boulders measuring — 

2 ft fi lu. X 1 ft 4 in X 1 ft in.; Wtiin.stone. 

1 ft, in. X 1 ft 2 in X I ft. 0 in. ; Oolitic .sandstone. 

The one composed of whinstone is angular, the Oolitic sandstone subanga- 
lar. Both have heim moved to their present position. The sandstone 
may have come across the \ alley about six miles north. Height above 
the sea, about GO ft. 

Boulder of grey granife ; length, 3 ft. 8 in,, 1 ft. 8 in. broad, 

1 ft. G in. thick, occurs in tho parish of Lund, at the north end of tho 
village of Lund, near Beverley, Fast Hiding of Yorkshire, and about 150 
yards to the noith of Lund Church. Subangular. There is no doubt bnt 
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that this boulder has been removed to its present position, although a long 
time ago. No striae or markings. Probably the nearest source would be 
about 200 miles north. Height, about 150 ft. above the sea. 

In the parish of Lund, at the north end of the village, principally 
in the village street, at the north side of the church, there are about 
100 boulders, which are to bo seen in the footpaths, foundations of 
old houses, banks of the road, &c. : these are composed of whinstone, 
diorite, hard compact sandstone, and granite, but the majority are whin- 
stone. The largest is about 2 ft. long, 14 in. broad, and 0 in. thick ; the 
smallest is about 9 in. thick, 8 in. broad, 7 in. deep. Besides these are 
several hundreds not more than 6 in. by 6 in. by G in., which have been 
used for paving footpaths. They are all rounded to subangular. The 
whole have been moved to their pre.sent position. The nearest rock of 
the same nature would be about Cleveland in the north ; probably lOO 
miles north. Height, about 150 ft. above the sea. Boulders, more or less 
small, of all sorts of foreign rocks are being continually cleared off the land 
about hero, and broken up for roads. There seems to be only a thin 
covering of boulder clay in some parts, and underneath a great thickness 
of rounded chalk gravel with flints, &c. 

Boulder of Shap granite at Barton (Yorkshire, N.R.), between 
Darlington and llichmond ; 1 ft. 8 in. x 1 ft. 6 in. x 2 ft. ; rounded. 
About 250 ft. above the sea, and resting on Koiiper sandstone. 

Boulder of Sliap granite in the village street of Sand-Hutton, near 
Thirsk ; 8 ft. x 1 ft. 10 in. X 1 ft. 10 in. ; subangular ; direction of 
longest axis N.N.W. and S S.E. ; no striae j about 98 ft. above the sea j 
isolated ; resting on Keuper sandstone. 

Boulder of millstone grit, at Bainton, near Thirsk ; 2 ft. G in, X 2 ft* 
3 in. X 1 ft. 10 in.; subangular; no strim; a block of the same nature 
occurs fifteen miles (west) ; about 150 ft. above the sea ; isolated, and 
resting on Keuper sandstone. 


Isle Max. 

Reported hy the Rev. S. N. Harrison. 

Rort Leivaiyue Shore . — From Ballure to Gob-ny-Roina — 

(1) 3 ft 0 in. X 2 ft, () in. x 1 ft. G in. ; granite; Mibangular. 

(2) 3 ft. X 2 ft X 1 ft. G in. ; trap. 

(3) 1 ft, S in X I ft. f in. x 10 in. gianito; Mibangular. 

(4) 3 ft, X 2 ft 1 ft. G in ; granite; bubanguiar. 

(5) 2 ft X 2 ft X ] ft G in. ; round. 

(6) 2 ft, 8 in X (IG ft. ?) x 1 ft. ; trap ; oblong 

(7) 3 ft. 8 in X 1 ft. 10 in. x 1 ft.; granite; Mibangular 

(8) 3 ft. X 3 ft. X 2 ft. ; granite; subangular; bqiuire. 

(0) 3 ft. X 3 ft. X 2 ft. ; granite ; louiuL 

(10) 3 ft G in. X 2 ft x 2 f t ; granite; ioun<l. 

(11) 3 ft. 2 in X 3 ft x 3 ft. ; subangular. 

(12) 3 ft. X 2 ft. X 2 ft, ; grey granite; rounded. 

(13) 8 ft. X C ft, X .5 ft. ; granite : ronndi'd, 

(11) Several 2 ft. x 2 ft.; granite; rounded 
(15) 3 ft. X 3 ft. X 3 ft. ; grey granite ; lounded. 

General direction of long axes, E. and W. 

Tort-e-Vulhjn Goh-vy-Uoha to Coma — 

(1) 2 ft. X 2 ft. X 1 ft. G in. ; granite ; .Mibangular. 

(2) 1 ft. 6 in. X 1 ft. 6 in. X 1 ft. ; granite ; subangular. 
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(8) 2 ft. C in. X 2 ft. x 1 ft. 8 in. ; grey granite ; rounded. 

(1) 4 ft. longest diam , 9 ft. circumference ; round. 

(5) 4 ft. diam. ; pilchstone ; round. 

(6) 2 ft X 1 tt, 6 in X 1 ft. ; granite ; round. 

(7) 2 ft. x2ft. x2tt.; granite ; subangiilar. 

(8) 2 ft. 8 in. X 2 ft x 2 ft. ; granite ; subangular. 

(9) 3 ft X 2 ft X I ft. 0 in. ; granite ; rounded. 

(10) 3 ft. G in. \ 2 ft x 2 ft. ; granite ; subangular. 

Traie-va-l'eei)mey — 

(11) 7 ft. X 1 ft X t ft. ; long axis N E. ; gianitc ; angular. 

(12) Several sniall 1 ft. x 1 ft. x 1 ft. ; granite ; rounded. 

Port Moar Shore — • 

(1 ) 2 ft. G in X 2 ft. x 1 ft. 4 in. ; granite, coarse, grey; round. 

(2) 2 ft. 2 in X 2 ft x 1 ft. 2 in ; granite, coarse, grey; round. 

(3) 2 ft x2 ft X 1 ft.; granite, red; .subangular 
(1)2 ft. X 1 ft. 2 in. X 1 h, ; syenite ; subangular. 

(.”)) 2 ft. X I ft 2 m X 1 ft.; .syenite ; subangular. 

(G) 2 ft X 1 ft. 2 in. X 1 tt ; granite; round. 

(7) 8 ft. eiicumti'renee ; gnuiite ; round 
(S) 8 ft eireuraf(‘ieiic(‘ ; gianite; round. 

(9) 9 It eiieuinloienee ; giaiiite: lound 

(10) 5 ft X ft ' 1 ft granite*; subangular. 

(11) Near Cionk 8<”iuon, a few 1 ft n 10 in. x 10 in. 

Port-e-Blo'j'jan — 

(12) 2 ft. i in X 2 ft x 2 ft : granite; round 

(13) 5 ft. (‘iieuinfereiu'e ; bfi'-alt (decomposeel) ; louud. 

(11) .j ft circMindeiei'ce : gianite ; tunnel. 

(lo) 2ft.x2 it 1 tt ; granite^; sub.iiigular. 

Port Moar — 

(10) 3 ft. X 2 ft X 1 ft 1 in ; granite: subangular 

(17) 2 ft. G in X 1 It s in X 1 ft. ; granite ; subangular. 

(18) 3 ft ^ 2 ft ' 2 ft ; gianite; .subangular. 

(19) 8 ft X 2 ft. '< 10 in. ' 

(20) Seveial ; granite* 

(21) 2 ft X 1 ft G in X 1 ft. 1 in. ; granite : subangular. 

(22) 3 ft. 1 in 2 ft. X 2 ft ; giamte: touiid ; broken in two. 

(2.3) It x2 ft. 2 It , granite; lound 

(24) 2 ft. 1 it X I tt ; granite; o\al 

(25) 3 ft, G in y 2 ft G in, x I It. , granite , remnel. 

(20) 9 ft. e*ircuiiileiene-(‘ ; granite. 

(27) 5 ft eniciinifcie'roe ; graiiile* ; lenind. 

(28) 5 ft e iicuinferone’e ; granite; louiiel. 

Note. — D uring the past ten jears about 800 tons of small boulders 
have been carted away. 

Port J\[oa to Cornu — 

(1) Vai i<;us -.ize-, ; por])h}ry; subangular. 

(2) 3 ft, 0 in ''3 It v2 ft.; grnnitei, .subangular. 

(;>) 2 ft, 5 in X 2 ft. .3 in x — ? ; granite; lomiel. 

(4) 1 ft 2 in.xS in x 8 in ; granite; .subangular. 

(5) 1 ft, ;> in X 10 in.x 8 in. ; granite ; subaiigular. 

?Tote. — Q uartz porphyry occurs in situ, on the shore. 

Trale Uuna'ufue . — Nearly all porphyry, various sizes. Further south 
on to Traie-na-Halsal a few white limestone, porphyry, and quartzites. 

On the Clay on Ballajora — 

(1) 1 ft y 10 in x9in.; granite; round. 

(2) 1 ft, y 10 in. x 8 in. ; gianite ; round. 
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(3) 1 ft. 2 in. X 1 ft. X 10 in. ; granite ; round. 

(4) 1 ft. X 10 in. X 10 in. ; granite ; round. 

(5) 1 ft. 3 in. X 1 ft. X 1 ft. ; granite ; subangular. 

(6) 1 ft. 4 in. X 1 ft. 2 in. x 10 in. ; granite ; round. 

(7) 1 ft. 2 in. X ~ — X 10 in. ; granite; round. 

(8) 2 ft. X ] ft. 6 in. x 10 in. ; granite ; round. 

(9) 2 ft. X 2 ft. X 1 ft. 2 in. ; granite ; subangular. 

(10) 1 ft. 2 in. X 1 ft. X 10 in. ; granite ; rounded. 

(11) 2 ft. 6 in. X 2 ft. X 2 ft. ; granite ; rounded. 

(12) 1 ft. X 10 in, X 8 in. ; granite ; rounded 

(13) 1 ft. X 10 in. X 8 in. ; granite; rounded. 

(14) 1 ft. X 10 in. X 8 in. ; granite ; rounded 

(16) 1 ft . X 10 in. X 8 in. ; granite ; rounded. 

(16) 2 ft. X 10 m. X 10 in ; granite ; oval. 

(17) 2 ft, X 1 ft. 6 in. x 1 ft. 6 in ; granite ; subangular. 

(18) 2 ft. X 1 ft. 6 in. x 1 ft. 4 in. ; granite ; round. 

Ballafayle, above Gob Garvane — 

(1) 1 ft 11 in. X 1 ft X 10 in. ; granite; .subangular, 

(2) 1 ft. 10 in. X 10 in. x 8 in.; granite ; round. 

(3) 1 ft. X 10 in. X H in. ; granite ; .subangular. 

(4) 1 ft. X 8 in. X 8 in ; granite ; subangulai. 

(6) 1 ft. X 11 in. X 8 in ; in fence; granite ; subangular. 

(6) 2 ft. X 10 in X 10 in ; in fence ; granite ; lound. 

(7) 1 ft. 1 in \ 1 ft 2 in xl ft.; in fence, gianite; subangular 

(8) 1 ft 2 in. X 1 ft, X 10 in ; in fence; granite; subangular. 

(9) 1 ft X 10 in X 8 in. ; granite; round 

(10) 1 ft 10 in X 11 in. x 1 ft. ; in fence ; granite ; rounded 

(11) 2 ft. 6 in X 1 ft 8 in. x 1 It. ; red sandstone. 

(12) 1 ft 6 in X 1 ft X 10 in : granite. 

(13) 1 ft 2 in X 10 in x 8 in ; gr.inite 

(1 1) 3 ft X 2 tt \ 1 ft 8 in ; gianite; stiiated. 

(16) 1 ft 1 in X 1 ft X 10 in.; granite; round. 

(16) 1 ft. 2 in X 1 ft xl ft ; granite; round. 

(17) I ft X 10 in X 10 in ; granite; louiid. 

(18) 1 ft x8 in X 8 in : granite; lound 

(lt>) I tt X 8 in. V sin ; giaint(‘, round. 

(20) 1 ft 2 in X 1 ft xlOin : granite; round. 

(21) 2 ft X 1 ft. <) in \ 1 ft. 8 in, ; gianilo, rouinl. 

(22) I ft xlOin, x8in.; granite; round 


Second Report of the Committee^ consistinq of Dr. H. Woodward 
(Chalrmauf Kev. G. F. WiimnoHNif, jNIessrw. F. Etheridge, E. 
kiDSTox, J. E, Make, (/. D. Sherhorn, aneZ A. 8. Woodward 
{Secretary), for the llcgisiration of all the Type Specimens of 
British Fossils. 

The Committee have to report that, after some preliminary delay, copies 
of the circular and letter mentioned last year have been issued to the 
majority of the British museums and owners of private geological collec- 
tions, and several vtiluablo lists have already been received. It is pro- 
posed to complete tho distribution of tho forms immediately, and there is 
thus some hope that the majority of the lists may be available for 
classification before tho next meeting of the Association. In the opinion 
of the Committee it is inadvisable to attempt a detailed report until some 
such classification has been made ; and it has been decided to append to 
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the list of types an enumeration of the principal specimens which have 
been described and figured. 

Owing to the infiucnce to some extent of members of the Committee, 
it is gratifying to bo able to state that several of tbe larger museums 
have decided to publish separate lists of the typo and figured specimens 
in their respective collections. Those of Bristol (by Mr. Edward Wilson) 
and York (by Mr. H. M. Platnauer) are already published ; while those 
of Bath (by Kev. H. H. Winwood and Mr. K. Wilson) and Cambridge 
(by Mr. H. Woods) are nearly ready for issue. Separate lists are also 
promised for the Museums of Edinburgh, Newcastlc-on-Tyne, and 
Brighton ; and it is hoped that a catalogue of type specimens of fossil 
Invertebrata in the British Museum will sliortly bo pre])nred. So far as 
the British fossil A^ertebrata are concerned, Alessrs. Woodward and 
Sherborn’s catalogue (London, 18i>0) contains a nearly cunipleto enumera- 
tion of the types. 


Seventeenth Report of the Com7nittee^ consist! Hfi o/Di’a. E. Hull and 
H. W. CiiossKP^y, Sir Douglas Daltux, Ih-ofessor Lr. A. Leeour, 
and Messrs. James Glaisiier, E. B. Marten, G. 11. AIortox, 
J. Parker, A\L Pexgelly, James Plant, J. Pkestwicit, I. 
Korerts, C. Fox-Strangeways, T. S. Stoukk, G. J. Symons, W. 
Topley, Tylden-Wjught, E. Wethekt.d, W. ANJiitaker, and C. 
E. De Range {Secretaruf appointed for the 2 '>^^'i'p 08 e of inves- 
tigating the Circulation of Undergroinid Waters in the Perme- 
able Formations of England and Wales, and tJte Quantity and 
Character of the Water supplied to various Tourns and Dis- 
tricts from these Formations, {Drawn vp by C. E. De Range, 
Reporter,) 

Eighteen years have elapsed since your Committee were appointed 
with their present Chairman and Secretary in their respective positions ; 
since then your Committee have not only recorded the wells and borings 
already in existence, but they have annually given much information to 
engineers and contractors, which they believe have materially aided 
towns and districts being supplied with pure water. The value and 
importance of underground water, both from its purity and the absence 
of expensive law costs and compensation to rlj)arian owners, are daily 
more and more realised, and with the utilisation of these stores comes 
the necessity of recording their character, quality, and local conditions. 
Your Committee, therefore, seek re-ch*ctinn. 

Your Committee would again call the attention of the Delegates of 
the Corresponding Societies to the iniportaTice of local observers giving 
special attention to the date at which tlio springs of their neigh- 
bourhood diminish in yield and subse((uently increa.se ; the date at which 
any springs cease to flow, and that on which they recommence ; the 
amount of flow of any springs either daily, weekly, or monthly; similar 
records of the heights of the water in w ells and borings, whetliorfor long 
or short periods. Tbe value of sucli observations would be much en- 
hanced if descriptions bo given that will enable the locality to he identi- 
fied on the one-inch map of tbe Ordnance Survey and the levels in regard 
to the Ordnance Datum line. 
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Yorkshire. 


Boring at The Brewery ^ Shii^ton. 

Information from Messrs. Scott and Robinson. Boring carried out 
by Diamond Boring Co., London, 1890. 

Feet 

Dark bituminous limestone with compact black shale bands . 600 

A plentiful supply of water was met witli, of a pure character, but 
unfortunately strongly impregnated with sulphuretted hydrogen gas, 
which was freely given off when the water was agitated. It is worthy 
of note that sulphur springs occur at various points along the anticlinal 
axis ranging through this boring ; amongst tliem is the sulphur well or 
Craven Baths, at Skipton, on the opposite side of the valley, and the 
well-known sulphur springs of Uarrogatc to the east ; while to the west 
of Clitheroe one occurs at Standen Brook, to which a bath-house is 
attached, also south of Worsaw, in Twist’s Brook, in Holden Brook, and 
in the bed of the river ITodder, north of Longridge Fell. The Skipton 
boring commences 340 feet above the mean sea-level ; the sulphur bath is 
at 420 feet above the same ; the shalo and thin bedded limestones there 
are vertical. 

Lincolnshire. 


The following is a list of the strata found on the surface, or proved 
in borings, in descending order ; tlie strata printed in italics are of a 
pervious nature : — 


Cretaceous 


Oolitic 


I Chalk 


(.Tcalby beds 


Upper 


Croat oolite 
series . 


Inferior oolite . 


(MuhllrcJudh 
. \ Loam chalk . 

(Rod oh.alk 1 1 foot, Cai‘Hlone .10 feet 
'I'edlhy limestone . 

Tealby clay . 

Claxby ironstone 
Spil&by sandstone 
Kimeridge and Oxford clays 
Kellaivai/s rock 
Rasement clay 
I (Wnbraah 
j Great oolite clay . 

I Great oolite limestone . 

V Upper cst uai ian beds . 

( Lincolnshire limestone . 
t Basement beds (Northampton sands) 
Upper lias ..... 
l^Iarlstone rock bed, rciiresontcd by clay 


Ft. 

it;4 

17 

1.6 

.60 

10 

:io 

800 

J0(?) 

> 8(0 


ir> 

lio 

GO 

;io 

100 


Liassic . liias 


Triass I c . Trias 


Permian Permian 


not porous 



20 

IMiddle has clay . 



15 ( 

Lower lias .... 



8U 

(Illiaitic ..... 



22 

Keuper marls 



726 

Kenper sandstone . 



2401 

Upper soft sandstone 



20G ! 

Pebble beds .... 



IIBI 

^ Lower soft sandstone 



223 j 

/ Upper marls 



118^ 

1 Upper magnesian lime store 



44 

j Middle marls 



140 

j Lower magnesian lime^tono 



2G 

' M arl slate .... 

• 


193/ 

Upper Coal-measures . • 

« 

t 

10 ( 
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The following- are the revised figures of the South Soarle (or Colling- 
ham boring), Nottinghamshire, on the border of the Lincoln county 
boundary, and nine miles to the south-west of that city : — 

Ft. 


/ 


Trias-/ 


Permian 


Upper 

Coal- 

measures 


Deep deposits 

Lower lias ........ 

Kha;tio 

Keuper marls ....... 

Keiiper sandstone and shale ..... 

Upper soft sandstone ...... 

Blue shale . . . . . . » . 

Keddish brown conglomerate 

Quartzite conglomerate ...... 

Low^er soft sandstones, marls in the first 79 feet . 

Permian red marls 

Magnesian limestone, light ycllowibh 
Marl, red and blue gypsum, sandstone . 

Thin bedded grey shale dolomite, basement breccia 

Deep red indurated marls with luematite nodules . 


21 

29 

(55 

688 



! im 

. 43 | 


. 150 
. 118 


j-753 

205i 

205 ^ 

11 

223 

.519 


. 12 


Springs at 834 feet, flowed 11 gallons per minute ; at 050 feet, 50 
gallons per minute, and are said to have risen 52 feet above the surface. 
The temperature of the water was 69^ F. at the base of the Keuper, and 
73° at the top of the Permian. The beds have been studied by Dr. Hull, 
F.R.S., Mr. Wilson, F.G.S., and Mr. Dalton, F.G.S, ; the information 
given above is drawn np from their united labours. 


Inf ormation from Mr. H. Teague, C.E., Cifi/ Engineer, Lincoln. 

A trial borehole at Bracebridge, Lincoln, by Messrs. Bass and Co. 
was discontinued at a depth of 320 feet, the base ol tlio lower lias clay 
not being reached. The water obtained at that depth contained — 

Grnms per ;i:h11ou 


Sodium chloride 

, 





. 519 00 

So<linra bromide 






1 1 -00 

Sodium carbonate 






15 00 

Calcium .... 






12-50 

^Magnesium 






4-58 

Calcium sulphate 






1 13 

Sdica 






-35 

Iron oxide, alumina, &:c. 






•21 

Suspended matter 






•01 

593-81 


The discharge from springs in the Lincoln area has been taken by 
the City Engineer at various points at Teal by on tbo Wolds. The 
discharge on May 25, 1891, was 109,440 gallons per day. At Wei ton 
these springs yielded 2,800,000 gallons on June 22, 1891 ; in August 
1878 they only yielded 105,000 gallons; and in June, 1887, 163,000 per 
24 hours, proving the extreme variability of oolitic springs. The maxi- 
mum discharge was after a rainfall of five inches in the previous five 
weeks. A boreliole at Deneholme, 106 feet in depth, yielded 20,000 
gallons per 24 hours ; its height and quantity were affected by rainfall. 



ON THE CIRCULATION OF UNDERGROUND WATERS, 


303 


Information from Messrs. Jukes-Browne and Dalton, of the Geological 

Stirrey. 

Scotliern Orange Well. 

Feet. 

Boulder clay .......... 7 

Gravel with water J . . . . . . . •( + ) 


Langworth Farm^ ^ mile jS'.TT. of Station. 


Boulder clay ) 
Oxford clay i 
Ditto, bored 
60 Kcllavvay’s 


sunk 


rock 


The water rises to the surface. 


Feet. 

. 30 
. 30 
*( + ) 


Sudbroolc Holme. Faring by Messrs. Legkand a'iid Sutcliff. 


Water rises to level of top of the house; yield, 7,000 gallons per day of 

10 hours. 


Kellawa} s ^ 
beds I 
Corn brash ( 
(iroat 

oolitic clay I 

Groat ( 
oolite 1 

Upper I 
cstuaiian 1 

Lincolnshire'^ 
limestone j 






Ft. 

in. 

Ft. 

in. 

Soil 




2 

0 

2 

0 

iStoiie 




. r> 

0 

7 

0 

Grey sand 




. 13 

0 

20 

0 

Blue clay 




. 7 

0 

27 

0 





. 4 

0 

31 

6 

Grot'n clay 




. 11 

0 

43 

0 

Dai k clay 




. 14 

0 

57 

0 

Stone 




. 4 

0 

01 

0 

Glay 




. 1 

0 

02 

0 

Sliell rock 




. 14 

0 

70 

0 

Green clay 




. 3 

8 

80 

2 

Stone 




. 5 

4 

8.5 

0 

Clay 




. 15 

0 

100 

0 

Stone 


• 

, 

. 5 

6 

107 

0 


IIORXCASTLE. 

In the shafts .and borings made at Kirkstcad and AVoodhall, near 
Horncastle, in 1811), in a futile search for coal, no water appears to have 
been met with, except the saline spring, noAV knowui as Woodhall Spa, 
which occurred at a depth of 530 feet, and is btdieved by Mr. Jukes- 
Browne, of the Geological Survey, to have issued from the inferior oolite. 
He thinks it probable that the beds passed through were as follows : — 


Feet. Feet. 

10 Gravel and boulder clay . . . . . .10 

300 Kimc'ridjro and Oxford cl.ays ..... H.'O 
Kelhiway rock, clays, cornbra.sh \ , , IK) 

,000 Great oolite, up]>er cstiiarines J 

040 Lincolnshire oolite and Northampton sands , . . 140 

1020 Lias (upper, middle and low'er) . . ■ • . 380 


The temperature of the water in 1883 was 50*6 F., and the water 
Contained, in 1863, in grains per gallon : — 
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Chloride of sodium 


, 



. 1215*17 

Chloride of potassium 





2*45 

Chloride of magnesium 





. 86*84 

Chloride of calcium 





. 106 00 

Rromide of sodium 





5 14 

Iodide of sodium 





2 7a 

Sulphate of soda 





. :'»0 62 

Bicarbonate oi soda . 





. 45*76 

Carbonate of lime 





9*38 

Carbonate of iron 





0*27 

Silicon .... 





0*33 

Oigamc matter 





, trace 


At Stamford, the Marquis of Exeter had a futile boring for coal put 
down which commenced in the KimeridjT^o clay, and was discontinued at 
500 feet still in the lias, as might have been anticipated. 


Is’OTTINGirAMSn IRE. 

0\\ THORPE, Quarter Sheet 71 S.E, 

Borings for coal, 187G-80. Information from Mr. Harrison : — 


Ft. 

in. 




Ft. 

in. 

12 

0 

Lower lias ...... 



12 

0 

4(1 

6 

Kha lie bed'' ..... 



:u 

6 

079 

t; 

K( uper marls (gypsum) 

Ft. 

in. 

633 

0 



1 Tied «andy marl and sandstone 

1.5 

0] 




6 

( lied sandy marl .... 

41 

0 

- 93 

0 


Reddish and white gritty sand.stonc, 





^\ ith pebblc.s . . . . 

34 

oj 



SOI 

6 

F'lrm white micaceous hand stone 

22 

0 

oo 

A 

White and pink gritty sandstone 

10 

0 

22 

u 

9U 

6 

Coarse-grained gritty sandstone, f>ass. 


5 




ing into quartzish conglomeiate 

137 

0 





Red and white marl .... 

2 

0 





Sandstone an<l conglomerate 

I’lrm white micaceous, .sometimes 

56 

0 

- 2G4 

0 



gritty sandstone . 

36 

0 





Dark and coar.se sand.stonc 

16 

0 



1,008 

6 

Red and grey sand, and conglomerate 
lied, and banded grey and red mail 

17 

0 > 





and white clay .... 

11 

0 

- 29 

0 

1,097 

6 

Red, grey, and white fine-grained mi- 





caccou.s sand.stonc .... 

15 

0 



1,312 

0 

Coal-measures and coal scams . 



241 

6 

abstract 

— 





Ft. 

in. 




Ft. 

in. 

46 

6 

Lias and Rhmtic .... 



46 

6 

679 

6 

Keuper marls 



633 

0 

772 

6 

Keviper sand.stonc .... 



93 

0 

804 

6 

8oft sandstone 



32 

0 

1,068 

6 

Pebble beds (Bnnter) .... 



264 

0 

1,097 

6 

Permian marl, &c 



29 

0 

1,312 

0 

Coal-measures 



244 

6 
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Particulars of well-boring, given by Mr. Henry Mellish. of Tlodsoclc Priory, 
Worlcsop, carried out at the same. [For gmstions see Appendix.^ 


1 . Situated at Hodsock Priory, Work- 
sop (Notts), on the formation marked f I 
on the map of the Geological Sui vey. 

1. a. TJored March, 1891. 

2 . 55 feet. 

3 . Six in, boreliole ; depth, D4 feet; 
no well. 

4. Water stands about .'1 feet from 
sLii face ; permanent pump not yet fixed, 
but on completion of boie we tried it 
with a centrifugal [jump, whicli we 
worked for the best part of a day and a 
half. It raised the water at a rate 
estimated at from 110,000 to nearly 
1 .“0,000 gallons per 21 houn^ ; when 
running at the liighei rate it lowmt^l the 
level in the bore from .5 teet to is feet 
‘below the surface ; t>m le\el rocovert d in 
a few minutes on ,sto})ping the pump. 


5. See 1. 

6 . No data. 

7 . Water in the bore stands about 
1 foot higher than the water-level in tlu' 
surrounding soil. A mill-daiii a few 
yards aw'ay ha.s its level some 0 feet 
above w’ater in the bore. 

8 . C'ojiy of analysis enclo.scd. 

9 . About (} feet of soil above the 
rock, the le^t all in red sandstone, with 
a little marl in places, apparently in beds 
a few inches thick. 

9u and 10 . Water throughout ; stand- 
abo il 4 teet from surface. 

11 . Surtace water kept out by iron 
tubing to a depth of 55 feet, 

12 . Not to my knowdedge. 

13 . 14 , and 15 . No. 


Copy of .inaJysis. 

Grains per gallon. 

Total solid icsidue .... . . IS 18 

(Containing - 

Oxidisable organic matter . . . ‘d2 

('hlonne (e»iual to chlmnle of .sodium, I b*^) 90 

Nitiic acnl as nitiates . . . . 1185 

The water also containeil — 

Free ammonia 0005 

Albuminoid ammonia . . '001 

Hardness according to ClarkV ^'Cale . . 13 


Tilt* water was briglit and clear, and tpiite iVoc from colour mul 
deposit ; it left on evaporation a residue which was white, and did not 
blacken at all on heating strongly. 

The water has a men* trace of organic matter in solution, and hardly 
any ammonia, and it is a beautifully pure supply for drinking purposes. 
It not being {'veessivoly hard makes it also serviceable for general 
ilomcstic purpo.ses. (Signed) J. Augustus Voelcker. 


Lancasuiru. 

Poring'^ at the Widues Alhall Co.'s Works. 

Information from Messrs. E. Timmins and Sons. Shaft, 4-5 feet deep ■, 
then boring. 


Ft. 

7 

in. 

0 

Soil ..... 


YU 

. . . 7 

in. 

0 

1 1 

0 

Clay 


. . . 7 

0 

2b 

C) 

Quicksand .... 


. 12 

6 

46 

0 

Strong clay .... 


. 19 

6 

51 

6 

Quicksand .... 


5 

6 

147 

0 

Strong clay .... 


. 95 

6 

152 

0 

Sand and gravel 


. 6 

0 

600 

0 

Bed sandstone (4 in. boring) . 


. 152 

0 


Yield, 114,300 gallons in 24 hours at bottom of the well. 
1891. 
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Another boring gave — 

Ft. 111. Ft. ill, 

10 0 Filled up material 10 0 

in) 0 Clay 10 0 

17 0 Quick'^and . .... 7 0 

al 0 Gravel and bonklei.'^ . . 5 0 (?) 

40 0 Stron”- clay with sttait'-. . . . . 11 0 ('’) 

Ta 0 Quicksand . 32 0 


]Vrll at jF//(/^reare Farniy opjiosite Thclwally near WarringtoHj hg IMessrs, 
Timmins anJ Suns, Runcorn. 


Ft. in. Ft. in. 

21 0 Sand . 24 0 

Fine gra\ el, 1 u-t \ ...... 70 

Blue nver cla\ ....... 0 (> 

Coarse ^ai'cl ........ 2 0 

Strong ela\' 10 

Coarse ravel ........ 0 6 

Clay ^ 10 

Sajid 4 0 

Clay ..... 87 0 

Sand . . . . ... 1 0 

Clay . . 8 0 

Fine ''and . ... ...80 

Clay 8 0 

Silky sand O 

Clay . . . . .10 

Sand . ....... 5 t> 

Clay . 15 0 

Qmck.santl . . .... 25 0 

€Jav ..20 

231 0 Saaid 10 0 


This boring discloses the greatest trough in tiie valley of the Mersty, 


the rock not having been reached at a depth of 2 


31 . 


Boring on Lancashire shore of River Alerseg at Vyrnwg Waterworks tnnnely 




west of Warruigtot 


Messrs. Cockkane. 



Ft, 

in. 




Ft. 

in. 

0 

0 

Soil and peat 




6 

t) 

15 

0 

Loam 




0 

0 

25 

0 

Fine band 




10 

0 

52 

0 

Gra>el 




27 

0 

61 

0 

Sandy clay 




9 

0 

75 

0 

Red .sand 




11 

0 

80 

0 

Silky clay 




14 

0 

03 

0 

Sandy clay 




4 

0 

OS 

0 

Red .sand 




5 

0 

11s 

6 

Sandy clay 




20 

0 

rvj 

0 

Salt and clay . 




13 

G 

135 

0 

Red .sand 




3 

0 



lied sandstone 




(4 

) 


Boring.s were made at either end of the proposed Vyrnwy tunnel to 
convey the water-pipes under the Mersey from Cheshire into Lancasliire 
on the margin of the river in those counties by Messrs. Timmins and Sons, 
Runcorn. Rock was reached, and artesian water at once rose with great 
violence to the surface and overflowed at a height of 20 feet above 
ordinary datum. The samples obtained are preserved in the Liverpool 
Corporation Water Department, but probably, from lenticular porous 
beds being then dry, they do not correspond to the subsequent shafts 
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sunk on their sites. The actual sections met with by the shafts are as 
follows ; water had been admitted to the beds, between the completion of 
the borings and the execution of the shafts, by the withdrawal of the 
lining tubes of the bore-holes. The case is of great interest as showing 
the care that must bo exercised in dealing with borings not to induce 
artificial conditions. 


Lancashire Shaft. 

Ft. in. 

2 0 vSoil . . . , 

12 0 I jciam clay . ... . 

IIJ 0 Fine sand 

22 0 Coarse sand .... 

27 0 P>hie loam . . . . 

4t 0 *Si It sand and loam 

47 (> Coarse f^ravtd. . . . , 

41) 0 fitill red clay . 

50 0 Coarse sand . 

57 0 fStifV red clay . 

51 0 lied silt 

52 0 Olay and sand 

55 0 Frown clay .... 

71 0 Ked silt 

SO 0 Frown silt and clay 
SG 0 llunning sand 
!)7 0 Clay and sand 

1)8 0 Sand and gravel 

lOG 0 Marly clay .... 


Ft. in. 
2 0 
10 0 
1 0 
11 ) 0 
5 0 

7 0 

2 G 
1 G 
1 0 

7 0 
4 0 
1 0 

4 0 

5 0 

y 0 

G 0 
11 0 
1 0 

8 0 


Tile red sandstone occurred at a depth of 133 feet C inches, sandy clays 
and loamy sands intervening. 


CiiEsimtr. 


Cite shite Shaft. 


Ft. 

1 

in. 

0 

Soil . 





Ft. 

1 

in. 

0 

10 

0 

Clay . 





y 

0 

20 

0 

Feat . 





. 10 

0 

25 

0 

Clay and loam . 





5 

0 

21) 

0 

Running sand . 





, 14 

0 

42 

0 

Foam 





. 4 

0 

41) 

G 

Fine gravel 





6 

G 

G3 

G 

Rumiiiig sand . 





. 14 

0 

GG 

0 

Clay and sand . 





. 3 

G 

84 

3 

Still clay . 


.* 



. 18 

2 


In the boring the clay continued to 97 Icet, marly sand to 105 feet, then 
red sandstone. 

The following analyses are interesting, as showing the effect of 
natural springs of brine issuing at pressure, and mixing with the fresh- 
water in the Glacial Drift overlying the Kenper marls at Calveley, near 
Tarporley, Cheshire. The analyses were made by Mr. J. Carter Boll : — 
1. Well in Mr. Jos. Jink’s field, Calveley- 2. Brook in Mr. James 
Trickett’s farm, Calveley. 3. Well at new kennels, Calveley, Stated 
in grains per gallon : — 


— 

1 

2 

8 

Total solid at 212 ° F\ . 

126-0 

74’() 

700*0 

Mineral, ditto .... 

88-5 

42*5 

650*0 

Chlorine . ... 

1102 

1 82 

207*55 


X 2 
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"Macdesfield County Asylnmy 1873-5. 

(Surface level 638 feet above Oidnance Datum,) 


Well. 


Ft. 

in. 


Ft. 

in. 

30 

0 

Brick clay, throe or four thin beds of quicksand . 

Boking, 

30 

0 

0.3 

0 

Quicksands, shells, boulders 

27 

0 

97 

0 

Soft brick clay ... . . 

3 1 

0 

111 

0 

Very stiff brown and blue bouldei clay 

41 

0 

103 

0 

Brick clay ....... 

22 

{) 

10."> 

0 

Brown sand, pebbles, shell fiagments . 

2 

0 

1 0(5 

0 

Loam 

1 

0 

180 

0 

Loose running sand ..... 

1 1 

0 

18:1 

0 

Hard stiff brown and blue boulder clay 

.3 

0 

184 

0 

Very sharp running sand .... 

1 

G 

1 8(5 

0 

Stiff clay, brown bouhici clay pebble . 

2 

0 

192 

0 

Loamy gravel ...... 

0 

0 

19.3 

0 

Very tough boulder clav 

1 

0 

197 

0 

Sand and fine gra\el, shclD 

4 

0 

210 

0 

Brown ''and . 

19 

0 

220 

0 

Gravel, erratn* and local rof'ks 

1 

0 

314 

(.( 

Cpper red mottled s.indstono 

121 

0 


Water level, 174 feet from tbe surface, or 30*t feet above O.D, Tlu* 
rock-surface was 318 feet above O.D, The bottom of the j)umf)-banel 
is 207 feet below the surface. 

^fessrs. Henry Evans on<l Star Breivery, MaccJcfifiphL 

Carried out by Messrs. Mather and Platt, Salford Ironworks. 

yt. in. Ft in. 

i:U 0 Drift . . . l.U 0 

0 Sand.stouc . 1(59 0 

Wrouglit-iron tubes to top of rock, lo iiielies diameter. 

Marclesfidd llrf^icnnj . 


Well, 

in. Ft. in. 

:;:5 O Sand and gra\el . .... 355 0 

Bom. \ CL 

37 0 Sand, tine .... ... I 0 

Brick clay 18 0 

Boulder clay 1.3 0 

Gravel (boulders and ])f'bble.s) . . . . 11 0 

Fine gravel, shell fragraent.s . . . .49 

Gravel and clay ..... ...60 

Fine .sand 0 0 

Coarse gravel ... ... 2 0 

Clay and gravel MO 

Brick clay ........ 7 0 

Sandy clay shells 4 0 

Boulder clay, large bonI<]er.s 12 0 

138 0 Gravelly clay . . .... .6 0 

Trias, red sandstone . . . . - . ( x ) 


Water plentiful. 
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Brewery near Railway Bridge, Sutton, 

Ft. in. Ft. in. 

Boulder clay 12 0 

Hand and gravel . . . . . . .80 

Boulder <day . . . . . . , . 10 0 

75 0 Qiiickf^and . . . . . . . 45 0 

ISO 0 Bed .sandstone 105 0 

Water plentiful. 

Brewery, Baric Green, Macclesfield. 

Ft. in. Ft. in. 

44 0 Details unknown . 44 0 

46 6 Very lough gravel . . . . . . .26 

62 7 Compact boulder clay . . , . .16 1 

65 7 Bough giavel. small pebbles . . . . ..‘10 

70 0 Tough boulder clay . . . . . .45 

72 6 Fine sand 2 6 

74 7 Fine running sand . . . . . .21 

08 0 Coarse local gravel . . . . . 2i’» 5 

117 7 Bed and mottled sandstone . . . . . 40 7 

Bollingfmi Church Rectory, near Macclesfield. 

Boring close to churchyard, made by Messrs. E. Timmins and Sons, 
Bridgwater Foundry, Runcorn. 

Ft. in. Ft. in. 

21 0 Bed clay . . .... 21 0 

27 0 Sand and gravel 6 0 

28 0 Coarse clay . . . . ..10 

:>{) 0 Htrong clay . .... 2 0 

.'14 0 Coarse .sand . . . . . 4 0 

It) 0 Strong clay . . . .60 

15 6 Sandy gravel . . ..56 

50 0 iMarly elay ... , . . 4 tJ 

65 0 lirown sandstone . . . . . 15 0 

51 0 Bimvn marl . . , . . 10 0 

87 U Brown sandstone . . . . . . .30 

133 0 IMoltled mail . .... 46 0 

Snrf.ice level dOO feet above 0.1). Water stands 15 feet from the surface. 
Total solids, 197 grains per gallon. 

Lynim WaferworJes. 

Boring made by the Diamond Boring Company, under the superin- 
tendence of Mr. Easton, C.E. Surface level 60 feet above O.D. 

The following notes are made by Mr. De Ranee, from the cores pre- 
served in the water-tower. The following occurred at : — 

Ft. 

HI Bough Buaekly sanclsmne (Lower Kcuper)', 

36 Fine kKird-grained sandstone. 

53 Raid marly micaceous partings. 

.56-63 Bt>ug)i hackly uandstunc. 

63-68 Fine-grained micaceous sandstone. 

78 Fine sandstone 

80 Very line-grained sandstone, 

82 Rough compact sandstone. 

110-2.50 Purple fine-grained sandatono. 

1000 Soft red sanditone. 

Weak briuo occurred itt the bottom of the borehole which was plugged up. 
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T>orlng at Messrs. Baitersby and Co's Offerton Hat Worbs^ Stoclyort. 


C.arried out by tlie Executors of the late E. Timmins, 
Communicated by ^Ir. Percy Kendall, F.G.S. 


Ft. 

in. 


Ft. 

I.-) 

0 

Snndv clay (well, 13 feet ; rest bored) . 

1.3 

17 

0 

Small gravel ........ 

2 

38 

0 

lh■o^^ 11 day ........ 

19 

r,i 

0 

hoamv sand . . ... 

13 

70 

0 

blown loam ........ 

19 

70 

0 

brown clay, and mixed gravel (water k vel, 74 feet 
from the smfaee) 

9 

81 

0 

Alixcd sand, srravel, and hi own clay 

3 

91 

0 

(irav el (base of drift) . . . . 

7 

152 

0 

Permian sandstone (suet ion -pipe, 133 feet from 
suiface) ... . - . 

81 

]r>2 

9 

Permian marl ....... 

0 

1.31 

9 

Permian sandstone ... 

2 

138 

9 

Petmianmail . .... 

o 

177 

8 

Pel mian sandstone (perforated 10 in tubes) 

20 

219 

0 

Permian marl (tubed out) 

a 

300 

0 

Permian sandstone (tubed, pi rfor.ited to 229 feet ; 
84 in. boring below 229, no tubes) 

81 


Runcorn- 


in, 

0 

0 

0 

0 

0 

0 

o 

o 

0 

o 

() 


SiiKorsniin:. 

Jvforrnaf ion from the Rev. CooPKii Wood, Clive ^"lcara^J^\ Sh mr'thn) y. 

Well levels from which the town of Wem is supplied. 

Aug-u^t 11, lf^87. Fall ofT, 17 inches; time i eqnircMl for n'tnrn, 10 minutes 
October 31, 1887. Fall otT, 20 inclies ; tunc requiicd lor ictuin, 70 minule* 
March 20, 1S88 Fall otl, 32 inches ; time rcquircil for return, 02 minutes 
April 2, 1888. Fall ojT, 42 inches; time required for r<>turn, I.IO minutes 
May 21, 1888. Fall ofl, 48 inches ; tirm‘ rerjuirod fm* leturn, 380 Trnnntes. 
October 1), 1888. Fall oil, 40 inches; time required for return, 720 minutes 
Total result of drought, 40 inches 

January 31, 1880 Eeturn, 1 inch; time not oh'^ei^ed 
February 28, 1880. lleturn, 2 inches; time not observed. 

March 28, ISSO. Eetnm, 3 inches; time not observed 
April 5, 1880, Return, 5 inches ; time not observed 
Total replacement to date, 5 indies. 

'rotal depth of well. 87 feet 

Fleight to which water ro.se before August 1887, 31 feet 8 inches- 
Tump will lower this by 13 feet 8 inches in 80 minutes, juunping at 28 strokes ;i 
minute. 


Warwickshire, 

In last year’s Report the Coventry Waterworks borings wore described 
a.s executed in the Permian sandstone, and delivering a very pure water 
at artesian pressure at the surface, without pumping. Since then a trial 
boring has been executed at Whitley, of which the following are the 
details ; — 

Ft. 

10 Surface soil . 

Louver Keuper.sand.stone ) 

50 White with red streaks j 
Permian sand.stone | 

200 Dark red „ ) ‘ 

Your Committee regret to note that the trial boring is only 1,1 30 yards 


Ft. in. 
. 10 0 

. 40 0 
. ICO 0 
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from the filter-beds of the Corporation. Sewage Farm', it is nob proposed 
to pump from the boring, but from a shaft about 100 feet nearer the farm ; 
the dip of the very jointed and open Lower Kenper sandstone is about 
south-east or from the farm towards the shaft, which is, moreover, 10 feet 
below tlie filter-beds, which are 9 acres in extent, and receive no less 
than two million gallons per day of sewage. 

Glamorganshire. 

In for mui ion from Mr. J. Storrik, The Museum, Cardiff. 


Co(jan Brichworlcs IJoring, 1885. 

Ft. ]'t. 

201 KVd j:,^rcy bnnds . . .... 201 

202 (xroen minis . . .... 1 

til 2 Hcd marls . . . ... 110 

til.) (iiocn niiirl ... . . . . L 

dtm Ked marl .... . . . . 2> 

Coarse lit . . . . . . , . • ( ^ ) 

Water at :]o8 feet. 

The Dumhalls Boring, near Cardiff. 

Ft. Ft, in. 

!.■)*> lied mails ........ IBti o 

■>(>2 Coi\el<)mLia1o . ... . . 4(1 0 

Old Brewerg, Cardiff. 

;i31 laris 331 0 

Conctlomerntes . . . . , . . • ( + ) 


Water 320 feet, stands at 40 feet from the surface before pumping, 
pnm]> placed at 120 feet from the surface. 


The Ely Brewery Co., near Cardiff Station, 21 miles from Cardiff. 


Ft. Ft. in. 

lS(i i\Iails . . . . . . . . , 0 

I'.K) Conglomerates . . . . . . 4( + ) 


Water at 181 feet. 


Appendix. 

Ll.st of Questions circulated. 


X. Positioti of well or shafts with which 
yon arc acquainted. 

Xu. State date at which the well or shaft 
was originally hunk. Has it been 
deepened since by sinking or 
boring, and wlien ? 

2 . Approximate height of the surface of 

the giound above Ordnance Datum 
(mean sea IcveO ? 

3 . Depth from surface to bottom of shaft 

or well with diameter. Depth 
from surface to bottom of bore- 
hole, with diameter. 

3tf. Depth from the surface to the hori- 


zontal driftways, if any What 
is their length and number? 

4 . Height below the surface at wliich 
water stands before and after 
pumping. Number of liours elaps- 
ing before ordinary level is restored 
after pumping. 

4rt,. Hiight below the surface at. vliicli 
the water stood when the well wa^ 
first sunk, and height at which it 
stands now when not pumped. 

8. Quantity capable of being pumped 
in gallons per day of 24 hours. 
Average quantity daily pumped. 
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tf . Does the iraier lev^l vary at different 
seasons of the year, and to what 
extent ? Has it diminished during 
the la.st ten years ? 

■7. Is the ordinary water level ever 
affecteil by local rains, and, if so, 
in how short a time 1 And how 
does It stand in regard to the le>el ' 
of the water in the neighboui'ing j 
streams, or sea ? 

8 . Anali/slii ot the water, if any. Does 

the water possess any marked 
jx'i'Hliarity ? 

9 . Si'cfioji with nature of the rock passed 

through, including cover of Drift, 
if any, with thivknvs.i 

9a. In which of the above rocks were 
springs of water intercepted / 


10 . Does the cover of Drift over the 

rock contain sttrface springs 

11 . If so, are these land springs kept 

entirely out of the well ? 

12 . Are any large faults known to exi^t 

close to the well ] 

13. Were any hruw springs pa'^sed 

through in making the well ^ 

14k. Are tliere any salt springs in tlie 
neighbourhood / 

15. Have any wells or borings been dis- 

continued in your iieigliboiirhood 
in conseipiencxi of the water lieing 
more or less Imichish? If so, 
please give section in reply to 
query No, 9. 

16. Kindly gave any further information 

you can. 


Report of the Comraittee^ consisting o/ Messrs. 11 . Baueuman, F. W. 
Rudler, and J. J. IL. Teall and Dr. Johnston-Lavis, appointed 
for the investigation of ike Volcanic Phenomejia of Vesuvius 
and its Neighbourhood. {Drawn up by Dr. JoiiNsroN-Lwis.) 

[Plate I.] 

The reporter has, during the last year, carefully and continuously 
investigated all new sections of the rocks of the Neapolitan area. The 
great main sewer whicli is in course of construction, as mentioned in the 
last report, crosses the whole of the volcanic district to the west of 
Naples and terminates near tlie Monte di Cuma in the Ciulf of Gacta. 
This tunnel, of considerable section, is about kilometres in length, 
and is being constructed from nineteen points of attack. In many places 
the materials traversed are of a very friable nature, and consequently tlie 
masonry lining progresses with the cutting. It will bo therefore seen 
that most careful and constant attention and frequent visits are necessary 
for keeping a record of the geology. Most of this tunnel is through 
rocks at a high temperature, so that numerous thermometric observations 
were made. So far most of the different portions are not yet joined, and 
therefore any description would be very incomplete if given in this 
report ; it is therefore proposed to postpone it till the next meeting of 
the British A.ssociation. Several observations, however, of considerable 
importance as bearing on this district as well as on vulcanological 
phenomena in general, have come to light. 

For upwards of a year the remaining portion of tho reporter’s spare 
time has been spent in the compilation of the bibliography of Vesuvius 
and the Phlegrcean fields, as well as of the other volcanoes of Southern 
Italy'. In this he has had the able co-operation of his wife, Madame 
Antonia Lavis. This long, tedious, but very necessary work is now 
complete, and the reporter hopes to present a copy to the Association. 
To show the amount of toil necessary, it may be mentioned that the 
number of entries have been more than double those published in tho 
Report of the International Geological Congress of 1881. 





Illustrating the Itejmrt of the Committee for Investigating the Voleanic Phenomena of Vesuvim. 
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The reporter has much gratification in presenting to the Association 
the great geological map of Monte Somma and Vesuvius, which has 
been now published some months, and in the construction of which 
much substantial help, and above all moral encouragement, has been 
given by the British Association. The reporter hopes that his colleagues 
in the science of geology will be satisfied that he has done his utmost to 
win their confidence. 

During the latter part of 1890 and the early part of 1891, the central 
activity of Vesuvius has very slightly varied, except about the new year, 
when it was considerably increased, rising to the third or fourth degree, 
simultaneously with the stoppage of the lateral outfiow of lava that had 
been going on since August 7, 1890. Since then, up to the present 
outburst, tlie central activity has been generally at the first degree, and 
the cone of eruption has slowly grown in height (see Plate). 

On June 1 there was a crater within the central cone of eruption, of 
about 50 ra. in diameter, near the centre of which was the eruptive vent, 
surrounded by another embryonic eruptive cone. On that day, four 
small eruptive mouths opened around the embryonic cone in the bottom 
of the central crater, the smallest being to the east. 

Thus the volcano remained till June 7, at 10 a.m., when activity 
stopped, only a small quantity of vapour escaping from central vents. 
At midday a radial cleft opened at the north toe of the cone of eruption 
(May 1889, June 1891), traversing towards its east end the little sickle- 
sha]ied ridge, tlio remnant of the 1885-8G crater, but, as yet, gave out 
little vapour. At 4 to 4.30 p.m., shocks of earthquake commenced, 
limited only to the upper slopes of Vesuvius, and simultaneous with the 
extension of the radial fissure down the side of the great Vesuvian cone 
for nearly half its way opposite the Pnnta del Nasone of Monte Somma, 
from which, at about 5.30 p.m., issued a little lava, whilst from the upper 
extremity of the fissure at the toe of the cone of eruption much 
vapour escaped, so that as scon from Naples the smoke-plume arose from 
this point. Prom 5.30 to 7 p.ni. the fi.ssnre still extended lower, accom- 
jianied from time to time by local earthquakes, noises, and the elevation 
of columns of black dusty smoke. At a few minutes to 7 the floor of the 
A trio del Cavallo was reached, and a remarkably black column of smoke 
had arisen. 

!My friend Dr. L. Sambbn saw this column arise, and came to inform 
me immediately, as I had left ofi’ watching the mountain at 5.30. After 
jihotographing the mountain, we left Naples at 9 p.m., and spent some 
time ill iiiipiiries at Resina and near the Observatory. Everything was 
now dark, as the volcano had calmed down at 8 p.m. At 2 a.m , June 8, 
we were at the eastern extremity of the Observatory ridge, and com- 
menced to wend our way across the lava surface towards Monte Somma. 
We were at the lowest part of the depression at the west end of the 
Atrio del Cavallo, where it joins the Fossa della Vetrana, and along 
which some of the largest lava-streams have flowed (1855, 1872, Ac.), 
when suddenly on our right above us (2.23 a.m.) a vast quantity of 
bright red vapour arose from the new outpour of lava. We hastened 
our steps as much as the road and our lantern would allow us, so as to 
reach the escarpment of Monte Somma, the foot of which was followed 
till near the Punta del Nasone, and close to the theatre of eruption. 
Here we clambered up some distance above the level of the Atrio to 
watch events whilst we ate our late supper or early breakfast. Along 
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the slope of the great cone in the line of fiKSSure were a few luminous 
points from some pieces of still nncooled lava of the little that had oozed 
forth from the lower half of the fissure. At about 60 or 80 yards from 
the foot of the great cone two*or three fountains of lava were throwing 
np jets of molten rock for 2 or 3 m., and the lava was slowly spreading 
out on the almost horizontal plain of the Atrio in several tongues. The 
lava must have still been high in the main chimney, as the vapoiar that 
issued at the top of the fissure showed a slightly red illumination. So 


Fig. 1. — Ciroat cono of Vesuvius, as seen from a little W, of the Punta del Nasore 
of ^loutc Soinina, shovvmy: the eruptive rift of June 7, 1801. (Photographed 



C, crater plain and cone of eruption ; B, rift, marltcd hnlf-wav down by an irregulnr 
cratoriform pit produced hv the exploMon at 5 .‘Wl v.m. ; tongues of lava 
that issued from last-mentioned pit ; F, main outpour of lava with fumaroles. 


we remained till daylight, when we could see the fissure on the side of 
the cone. The mouth that formed at 5.30 the previous day was still 
smoking a little, whilst the fissure below it sent off several ramifications 
at an acute angle like the branches of an inverted tree, from several of 
which little streams of lava had been given out, where they had soon 
consolidated (see fig. 1). Wo now followed the base of the great cone 
to the lower railway station, where we found all the people np and 
dressed, frightened by strong shocks and noises at 2.23 a.m., coincident 
with the fresh outflow of lava that we had witnessed, but which shocks 
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we liad not felt, although they were -described as the most severe that 
had been felt. 

Having ascended-to the summit of Vesuvius, we found the central 
crater rapidly enlarging by the falling in of its edges. From the new 
tissuro at its summit was issuing much vapour under pressure, and ricli 
in sulphurous acid, which is, even in traces, intolerable ; and the hot air 
coming from innumerable new fissures rendered approach very ditlicnlt. 
We did, in fact, once jump across part of the fissure, but returned much 
quicker on account of the hot irritant vapours. An approach from the 
opposite side was equally unsuccessful. At .some old tumaroles on the 
1872 crater plain I collected some crusts of boric acid and alum, both 
rare products at this volcano. 

I thou wrote that one of three terminations we may expect to these 
phenomena, which are very characteristic of a lateral disruption, so 
common at Vesuvius ^ : — 

1. Should the lava cool sufliciently to plug the radial dyke, no further 
phenomena will occur, and activity will be restored to the central vent, 

2. If this plugging only partially takes place, lava may dribble forth 
for months, but probably the escape of vapour will soon be restored to 
the central vent. 

3. If the rent should widen, considering how low it extends, wo may 
expect a grand eruption which might rival that of 1872, which com- 
mejiccd near the same spot and much in the same way ; the mechanism 
by which this occurs I have explained elsewhere.^ 

The suggestion that I published in several newspapers has be(m fully 
confirmed namely, that the second alternative type of eruptive character 
would he pursued by the volcano. Now, for a period of nearly two 
months lava has continued to dribble forth, activity has returned to the 
central vent, and no great changes have occurred. 

The throat of the volcano commenced to be cleared on June 9, the 
vapour forcing its way up from the crater bottom through the choke of 
loose materials, and rose above as a column carrying with it much dust* 
at the same time the powerful vapour blast issuing from the upper 
extremity of the lateral rift soon stopped. Each day I was kept informed 
of tlie state of the volcano by the kindness of Messrs. Ferber and Treiber, 
the director and engineer respectively of the Vesuvian Railway. 

On June 15 I considered it right to again visit the mountain, and had 
the good fortune to bo accompanied by Messrs. H. Elliot, A, Green, 
Linden, Newstead, and Treiber, several of whom are excellent photo- 
graphers, so that with two of my own cameras we were able to make an 
extensive pictorial record of .some very unique formations. 

At the point of issue of tlie lava, at the junction of the foot of the 
great Vesuvian cone and the Atrio del Cavallo, the first lava had cooled 
sufficiently to walk over it, but beneath our feet could still be seen in a 
few holes the flowing lava. At the foot of the great cone, and extending 
for half-way across the Atrio, along the radius of the eruptive rent, as if 
this had continued so far, were a series of driblet cone fumaroles. We 
counted seven complete and well-formed examples, besides numerous 

* NatvrCt vol. ilMv. June 18, 1891, pp. 160-161 ; Corri^re di Napoli^ June 10: 
L'Jialio, June 11 : The Mediterranean Naturalist for July. 

H. J J. L , ‘ The Relationship of the Structure of Igneous Rocks to the Con- 
ditions of their Formation,’ Scientijio Proceedings Poy. Bvhlin Soo , vol. v., N.S., 

pp. 112-66. 



1*10. 2. lumaroles formed on the new lava at some dl^tance from the base of the great cone in the Alrio 
as seen on June 15, ISHl. (Photograplied by the author.) 
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abortive ones. Most were giving out intensely heated vaponr, which was 
liberated from the lava flowing beneath, and which soon carbonised a 
piece of wood placed in it. Around the Ups of the upper opening, 



LsBmatite with fnsed chlorides of potash, soda, iron, copper, &c., were 
being condensed from the vapour, and trickling down the outer surface 
oi the fnmarole, consolidated as curious vari-cojoured stalactites of very 
deliquescent nature, ^ 
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The lava had first flowed towards the escarpment of Monte Somma in 
a fan like manner, ho that the eastern extremity reached that great 
natural section just beneath the Pnnta del Nasone Still following the 
natural inclination of the ground, it turned to the west, and on June 15 
was opposite dyke 16 (as marked on my large geological map just pub- 
lished, and on the dykes themselves), advancing at a very slow rate. 

The lava is a vitreous and coarse-grained rock, especially in regard to 
the included leucite as well as augite crystals, whilst the surface is, with 
one exceptional tongue, of the corded or ‘ pahoehoe ’ type. This is due 
to the magma b^ing one that has been simmering since January in the 
chimney of the volcano, so that rco.stof its dissolved water has been boiled 
off, and so allowing it to cool without the foimation of scoriie from the 



vapour that otherwise would escape after its exit. Leucite I have also 
demonstrated to be formed while the magma is simmering under low 
pre.ssure with free escape for vapour in the upper part of the volcanic 
chimney.^ 

At the summit of the great cone the crumbling in of the edges was 
constantly going on, but the upper extremity of the lateral rift at the foot 
of the cone of eruption and at the summit of the great Vesuvian cone had 
nearly ceased to give forth vapour. Along the line of rent on the 
mountain side no fumaroles or other signs of activity were visible except 
quite at the foot, where those of which I have spoken commence. 

Up till June 26 there was an effort to clear the upper part of the 

' See H. J. d. L , ‘Qeol. M. Somma and Vesuvius,’ Qvart. Jovrn. Geol, Hoc vol.xl ; 
and * Relationship of the Structure of Igneous Rocks to the Conditions of their For- 
mation,’ Setentifio Proceedings Roy, Ruhlin Soc, vol. v. N.S. 
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volcanic chimney of the impeding materials, which wore constantly being 
added to by the slips from the crater’s edge ; but on that evenino: a dull 
i*ed glow was visible in the crater bottom, showing that a fairly clear 
passage had been temporarily made for the continuous escape of vapour, 
and also that the lava was at no very great depth from the summit of the 
volcano. This of coui'se indicates that the lateral opening was insufficient 
to drain off much of the lava which occupies the chimney above the level 
of the lateral outlet. Had such evacuation really taken [ilace the eruption 
would have assumed enormous proportions, from the actual amount of 
lava above the tap, but more from frothiug up of lava below that level, in 
consequence of the relief of pressure which in that case would occur. Of 
course, during all these days the ejection of dust with the smoke occurred, 
giving the latter its peculiar dark grey colour. Further destruction ot‘ 
the crater edge took place, so as to partly block the outlet, and it was not 
till our next visit that it again cleared. 

On June 30 I again visited the crater, accompanied by my friend 
Mr. A. Green, All the summit of the great cone was covered by a thick 
coating of dust and sand, upon the surface of which were the usual white 
and yellowish-green chloride crusts seen on such occasions, so rich in 
copper as to plate with that metal the iron nails of our boots. The crater 
had considerably enlarged, the edges were in an extremely unstable state, 
with often considerable strips marked off by cracks }mrallel to the free 
edge, so that with a slight push by a stick it was possible to detacli large 
masses of the materials which form the sides of the crater in the recent 
cone of eruption. So dangerous were the edges that it was but two 
places that my experience indicated as being safe to approach and look 
over, and that even with several precautions; so that the fatal accident 
to Senor Silva Jardim, who lost his life here but a few hours after our 
departure, is not to be wondered at. 

On looking down some 45 to 50 m. beneath us, we could see the glow 
from a mouth some 2 or 3 m. in diameter. The walls of the crater were 
concave, so that, although overhanging at the top, yet a plumb-line let 
fall from the edge would strike the bottom of the cliff. The crater 
bottom was roughly plain, due to the combination of a talus all round, 
and an attempt at a cone encircling the main vent. It will bo thus seen 
that the crater cavity was of the form of a convex-sided cj’linder, or more 
simply barrel-shaped, with its upper diameter some 50 to 55 m. 

With much difficulty we made our way around to the north side of 
the cone of eruption, which did not show its usual loose scorim surface, 
as it was buried beneath a thick coat of sand and dust, covered with a 
thin saline crust on its surface. The upper limit of the radial rift, which 
we were prevented from examining three weeks previously, on account 
of its giving out so much vapour as to constitute the temporary escape 
aperture of the volcano, had now become quiescent, so that we could 
fully examine it. Only a current of hot air was now issuing from it, but 
1 was able to collect some fine masses of crystallised molysite and 
kremersite from its edges. Its average breadth was about 0'50 m. where 
it traversed old compact lava, but of course it disappeared as soon as it 
reached the looser materials. The real azimuth of its orientation, which 
we could now determine with greater accuracy than when we were 
walking over hot rock and enveloped in hot irritating vapours, proves to 
be, as it radiates away from the axis of Vesuvius, about 15° west of 
north. It curves then a little to the north, and near the foot of the 
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great cone it again assumes nearly the same azimuth as at starting, an 
arrangement wliich is quite evident when the Ycsiivian cone is regarded 
from the Punta del Nasone. From that, the highest point of Somma, 
the lower extremity of the rift lies a little to the right or west, and faces 
that part of the Somma ridge which corresponds to the upper extremity 
of the Vallone Canclierone. 

In the forenoon of June 30 much dust had fallen at the lower railway 


Fig. 4. — rian of the summit of the great cone of Vesuviu'?, July 31, 1801. 

N 



Limits of the orator of 1872 ; wlierc ovei (lowed bv more recent lavas, a, and wdiere 
still uncovered, ; leiunina of cone of 1885-8(5,6; ])art of crater edge of 
May 1888, r; part of crater edge of May 188‘>, r/ ; cone of eruption up to 
June 7, 18iM, ef ; fissure ot ^Iny 1880, //; yellow patches of decomposed lava, 
scoriie, and du^'t, /< ; fissures emitting hut vapour with llCl, i; guides’ 
shelter, y; iiumeious fissuies at the S E. edge of th (3 crater plain aud great 
cone that the jireccding do^s had increased in size and number, A ; other 
lis>ures on the N.E. o( great cone, I ; tissiires along the edges of the crater in 
ju’occss of formation, vi ; iiresent cratei, n ; dykes seen m section, o ; holiow 
dyke ot tlie eruption of May, 1880-91, ami of anteiior ones, p ; same of erup- 
tion of May 2 , 1885, 7 ; vapour column lading bottom ot crater, r; fissure 
of eruption of June 7, 1801, a-. 


station, of which we collected some bagfuls. It is the usual fine sandy 
material of these eruptions, and consists of the pulverised components of 
the cone of eruption. 

Having passed the night at the lower railway station, the next day we 
crossed the Atrio, ascended to the western extremity of the ridge of 
Somma, and followed it along so as to get a general bird’s-eye view of 
the whole scene of the eruption, and take photographs of the more 
important points. As one stands on the Punta del Nasonc and embraces 
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that magniBcent view of Vesuvius and the Atrio del Cavallo, one sees 
below the new lava-stream in the form of the letter the horizontal 
portion of which is still being prolonged down the Atrio towards the 
Fossa della Vetrana. In the middle of the rid go we found a thin coating 
of fine red dost which had reached thus far from the crater. Much of 
the Atrio was also covered by the same material. Scaling the cliff face 
just beyond the Cognulo di Ottajano to the Atrio del Cavallo, we again 
visited the lower point of the outburst. Most of the beautiful fumaroles- 
were in a state of ruin, and lined by good-sized crystals of hoBraatite and 
mixed chloride crusts. Here the lava was quite solid, though at one 
point was a liole, some 50 ni. from the base of the great cone, where we 
could see the molten rock flowing lazily along about a metro beneath our 
feet. The lava at the end of the flow was making considerable progress 
to the westwards, and stood opposite dyke 13. 

During the month of July few changes took place in the mountain ;/ 
the crater still got larger, dust was thrown out, and the lava descended. 
Those phenomena are capable of continuing for months if the drainage 
opening dties not enlarge. 

After an interval of a month, during which by the kindness of ^Messrs. 
Trciber and Fevber I was kept continuously informed of any change, I 
again visited the volcano. The crater had considerably enlarged, but 
chiefly in a south-easterly direction, in the line of the fissures that have 
existed for a long time at the edge of tho crater plain and the top of the 
great cone. These fissures had also increased in size and number .since 
my last visit, so that altogether this seems to be, at present, the most, 
favoured direction for the next disruption of tho great cone. The crater 
has therefore an irregular oval form, with the major axis direct t'd 
N.W.-S.K. On this occasion f could not see the bottom of tho cratei*, 
but on its walls were several dykes, which may be enumerated according 
to their orientation ; -N.E. ; N. ; N.N.F., probably tho d}ke of tho last 
eruption; N.W. ; S.W., probably the upper part of the fissure i below 
which emits hydrochloric acid: the hollow dyke that has supplied the 
eastern rift; the hollow dyke that supplied the eruption of iMay 2, 1885 ; 
and a little solid dyke cIo.se to it. There may have been others, hut the 
perilous nature of tho crater edge re(piiring great care, even in the only 
two places one could apjiroacb, together with the abundant irritating 
vapour, prevented a careful examination. 

The lava, which had at one time extended down to nearly opposite 
Messrs. Cook’s gate-lodge in the Fossa Vetrana, was now flowing very 
slowly at the junction of the Fossa and the Atrio del Cavallo. 

A few days previously four shocks of earthquake occurred, limited to 
the great cone and felt at the lower railway station. These, combined 
with the other phenomena above mentioned, show that tho cone is in an 
extremely unstable state, and want of confidence must be felt until some 
time further has elapsed. 

In conclusion, the reporter must thank Mr. G. M. Cook, of Messrs. 
Cook, Son Co., for granting free passage over the Vesuvian Railway, 
thus greatly facilitating the investigation of the volcanic phenomena. 
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Second Report of the Committee^ consisting of Professor James 
Geikie (Chairmanf Dr. Tempest Andeksox, Dr. Valentine 
Ball, Mr. James E. Bedford, Professor T. G. Bonney, Professor 
W. Boyd Dawkins, Mr. James W. Davis, JNlr. William Gray, 
Mr. Robert Kidston, Mr. Arthur S. Reid, Mr. R. H. Tiddeman, 
Mr. W. W. Watts, Mr. Horace B. Woodward, and Mr. Osmund 
W. Jeffs {Secretary)^ to arrange for the collect I on ^preservation, 
and systematic registration of Photographs of Geological In- 
terest in the United Kingdom, (Drawn up by the Secretary,') 

Your Committee beg to report that during the past year the work of 
collecting photographs illustrating the geological features of our country 
has been continued, with the result that 313 additional photographs have 
been received and registered, making a total up to the month of August of 
588. A detailed list of these additional photographs is appended herewith. 
At the Leeds meeting of the Association upwards of 200 photographs were 
arranged for exhibition in the room appointed for the use of Section C, 
many of which illustrated sections of strata and other geological features 
of considerable scientific interest. This collection attracted much atten- 
tion, and it is proposed to continue the exhibition at Cardiff if convenient 
arrangements can be made. By this means the Committee hope to 
secure the aid of many photographers, who can thus form a better idea 
of the kind of subjects which it is desirable to include in the collection of 
geological views. 

Special efforts have been made to induce the local societies in each 
county to organise systematic surveys for the furtherance of the work. 
This method has been pursued with great success in Yorkshire, the mem- 
bers of the Geological Photographic Committee of the Yorkshire Natural- 
ists’ Union having again contributed a large and valuable series of prints. 
Many of these subjects refer to sections which cannot bo reproduced, as, 
for instance, fossil trees laid bare in (quarrying and excavations for the 
foundations of buildings now covered over. 

The Hertfordshire Natural History Society and the East Kent Natural 
History Society have also organised schemes for the photography of local 
geological features, and some views have been sent in from these sources, 
which, it is hoped, will be supplemented by a further series next year. 

In the case of some local societies difficulties have arisen, which have 
delayed the completion of similar arrangements proposed to have been 
made. It is not always possible to obtain the services of a photographer 
when desired, and it has been found difficult to arouse the interest of many 
of the local photographic societies in geological work. Considering the 
number of amateur photographers now to bo met with in every centre of 
scientific energy, it is hoped that a large number of pliotographers will be 
induced in the future to co-operato witli the local scientific societies in 
the scheme instituted by the Committee. The numerous field-meetings 
and scientific excursions, now^ so popular a part of the work of such societies, 
would appear to afford convenient opportunities for aiding our scheme, 
if aiTangemonts could be made for a photographer to accompany the 
party whenever the district to be visited offered suitable subjects for the 
1891. Y 
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use of the camera. Bat it is verj desirable that the work should be pur- 
sued systematically in every county. A list should be drawn up by the 
officers of the local societies, giving the localities of new sections opened, 
besides particulars of old sections and other features worthy of reproduc- 
tion and permanent pictorial record. Several photographers have inti- 
mated their willingness to assist the Committee in this way, if they were 
informed of the localities of which photographs are desired. The Com- 
mittee would be glad to receive from geologists generally such particulars, 
which would be duly noted, and endeavours would be made to secure 
photographs when opportunity offered. 

For the information of photographers, the following lists of desiderata 
are given 

Per Professor James Geikie, Edinburgh. 

WoathoriDpf of basalt-rock old quarries, Sali-^buiy Craigs, Edinburgh. 

Volcanic agglomerate, jienctrated by ba^all -dykes : The Binn, Burntisland, Fife- 
shire. 

White trap (intrusive sheet) in ''and^'tone and shales : Old limestone quarry, 
near Oil Works, Biiintisland. 

DiagonalW-hedded sandstone ; Eeatield Tower, near KirkCeddy. 

Unconformity betw’cen Silurian an<l Old lied sandstone : Siccar Point, near 
Cockbiirn‘'palh. Berwickshire. 

Fault in carboniferous sandstones and shales: railway cutting, Ciaiglockliart 
Station, Edinburgh. 

Per Mr. John' Hopkinson, of St. Albans. 

Chalk-pit at Boxmoor. 

Chalk-pit Vx'tween Rickmansworth and narclicdd. 

Chalk-pit on Reed Hill, near Royston (antielinal), sections of Woolwich and Read- 
ing beds and Lomlon clay (‘Xposeil in biicktields near Watfoid 

Scries of Mews of the elialk escapement through noith of Ilertfoxdshire and 
adjoining counties. 

Per Mr. D. Clagpe, Liverpool. 

Current bedded sandstones at Dingle Point on north bank of the Mersey. 

Outciop of coal seams at Duulton quarry, Helen's. 

These lists are, of course, capable of being largely extended, and are 
inserted simply as examples of what is required. 

'While the actual number of new photographs sent in for registration 
(luring the year does not greatly exceed the number acknowledged in the 
last report, it is gratifying to state that, as a whole, the subjects have 
been selected with greater care to include the most typical views. It has 
not been wished to restrict too greatly the definition of what is a ‘geo- 
logical pliotograph.’ Views illustrating types of landscape scenery are 
often extremely useful, though not perhaps enforcing any particular 
geological feature. These will be simply described as : ‘ Landscape — 
Silurian * ; or, ‘ Landscape — Bunter Sandstone,’ &c., as the case may be. 
But, as the collection grows in numbers, it will be more convenient to 
confine it to views which are especially typical and characteristic. For 
the guidance of amateur photographers and others who might not be able 
always to refer to a geological authority, the following explanatory para- 
graph was inserted in the circular of instructions issued by the Com- 
mittee : — 

Photographs are desired illustrative of characteristic rock-sections, especially 
those of a topical character or temporary nature; important boulders; localities 
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affected by denudation, or where marked physiographical changes are in operation 
raised beaches ; old sea cliffs and other conspicuous instances of marine erosion ; 
characteristic river-valleys or escarpments, and the like ; glacial phenomena, such as 
rooliss moiitonnces, moraines, drums and kames, or any natural views of geological 
interest. Photographs of microscopical sections, and typical hand-specimens of rocks 
arc also admissible. 

Your Committee held a meeting at Leeds and discussed several details 
of the work, which has been principally carried out through the medium 
of correspondence. 

Regarding the question of the disposal of the photographs, it was 
decided to defer any recommendation on the subject until the collection 
was in a more complete form. 

Reference was made in the last report to a proposed publication of a 
series of the best photographs received by the Committee, reproduced 
by a permanent process. The suggestion has received the careful 
consideration of the Committee. It was decided, however, to defer the 
subject until the next meeting of the Association, when, if any arrange- 
ments with a publisher could be made, the Committee would probably be 
in a position to select a series of approved photographs for the purpose 
of authorising their rep rod action, with the consent of the owners of the 
negatives. 

A desire having been widely expressed for facilities by which lantern slides 
of the geological photographs included in the list issued could bo procured, the 
Secretary was instructed to endeavour to make arrangements to effect this 
object. Owing to the fact of the negatives not being in the possession of 
the Committee, the privilege of supplying lantern slides remains in the hands 
of the vai’ioiis photographers. In the case of professional photographers, 
there is usually no difllculty in supplying these to teachers and others 
who may require them. Negatives taken by private persons are not un- 
frequently handed over to a professional photographer, who has authority 
to supply slides to the public. Applications for slides should, therefore, 
as in tlie case of ordinary prints, be made to iha 'photo<]raplier direct^ 
address is, whenever known, printed at the head of each local list, or else 
to the local society under who.se auspices the photographs were taken. 
In order to meet the convenience of amateurs who do not make their own 
slides, but who would be willing to lend tlieir negatives for the purpose 
of having slides made, the Secretary has effected an arrangement with an 
experienced photographer, who will undertake to supply lantern slides, at 
a fixed price, from negatives with which ho may be temporarily entrusted. 
It is understood that this arrangement only applies to those cases in which, 
the owner of the negative docs not desire to supply them himself. Futui’e 
lists will contain the needful particulai's as to obtaining lantern slides ; in 
the meantime persons desiring to avail themselves of the arrangement 
above mentioned may eominuiiicate with the Secretary. 

Your Committee are pleased to observe the spread of geological photo- 
graphic schemes in countries abroad. The Societe Geologique de Belgique 
have, on tlie recommendation of M. G. Dewalque, adopted a form similar 
to that of form ‘A* issued by your Committee for recording the details and 
registering the numbers of photographs contributed to their own collec- 
tion, and a copy of this schedule is inserted in the ‘ Bulletin ’ of the Society 
for July, 1890. 

The Geological Society of America have also appointed a Committee 
on Photographs, which has already made good progress, nearly 300 
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examples having been exhibited at the Washington meeting of this 
Society in December, 1890. The American Committee purpose preparing 
some lists for international exchange. 

A paper by Mr. Arthur S. Reid, M.A., F.G.S., appeared in the 
‘ Photographic Quarterly ’ for January, 1891, in which the author advo- 
cated the use of the hand camera in the field, and subsequent enlargements 
on bromide paper to whole plate size. 

In order to proceed with the collection of geological photographs and 
bring the scheme to a more complete stage, your Committee respectfully 
request reappointment and a renewal of the grant. 


SECOND LIST OF GEOLOGICAL PHOTOGRAPHS. 

(lO AL'CIUST, 1891.) 

Note. — This list contains the subjects of geological photographs,, 
copies of which iiavo been received by the Secretary of the Committee 
since the publication of the last report. Photographers arc asked to 
affix the registered numbers, as gis'en below, to their negatives, for 
convenience of future reference. 

Copies of any photographs desired can, in most instances, be obtained 
cither from the photographer direct or from the officers of tlie local 
society under whose auspices the views were taken. 

The Committee iu no case has assumed the copyright of photographs 
registered, which is presumed to be held by tbe pliotograpber. 

The price at which copies of photographs may be obtained depembs 
upon the .size of the print and local circumstances, over which the 
Committee has no control. 


Beukshikf. 

Ter Rev. A. lavixo, D,Sc.^ F.G.S.y Well'nujfon College^ Wuhingham, 
{Photographed hg Rev. P. H. Klmpthorxe.) Size (3x4 inches. 

Rogd. No. 

280 , 281 Nine Mile Ride, Old Wind- (.'untortions in laminated brick clays 
scjr Fure^t, 18‘J0 


Photographed hy R. C. IMcClintociv. 

452 Nine Mi’.e Ride, Old Wind- Section in clay dig^nngs at Lawrence's Fits 
sor Forest, 18'Jl 


Cm: SHI RE. 


Photograpjhed hy Charles A. Defieux, 25 Sa7idsfo7ia JioaJj Sloneycroftj 
Liverpool. tPze 0x4 inches. 


460 , 461 Lcasowc »Shore, ISfU. 

462 „ Do\c Point . 
403 „ „ „ . 

464-446 . . . 

467 IJilbre Island . 


blown sands, .sliowin^ stratilication and rr- 
.sLiIt.s of wind-erosion on samllulls 
iSiibiiianiic forest-bed 

„ (large tree' stump 2 ft. diameter) 
General views of forest -bed (3) 

Fault in (/) Keuper sandstone on west side 
of island 



ON PHOTOGRAPHS OP GEOLOGICAL INTEREST. 


325 


Photographed hy J. Birtles, Norihwicli. Size 6x4 inches, 

Kop^cL No. 

S44k-5ft6 Witton Hall Bock Salt Throe vinws of interior of mine (photographed 
Mine, Northwich, 1882 . by electric light) 


Cornwall. 

Per Yorkshire Naturalists' Union {^Geol. Photo. Section^ (^P koto graphed 
hy Herbert Denison, 32 Clarendon lload, Leeds.) Size 6x4 inches, 

-453,^59 Dnrgan,IIelfordIliver,Fal- Coast scenery, Devonian 
mouth Harbour, 1890 

454 Cave, East of Falmouth Marine denudation 
Harbour 

455-458 The Lizard (4 views) . Coast scenery 


Photographed hy J. J. Cole, F.B.A.S., ^ Mayland,' Sutton, Surrey. 

571 Norcot, Undo . . . Carboniferous strata 

572 Long Island, Trcvalga . Slates; volcanic ash 

573 Hoscastle Coast . . . quartz masses embedded 


CCMBEKLAND. 

Per Yorkshire Naturalists' Union {Geol. Photo. Section). {Photographed 
hy Lawrence HicitAROsON, Sedhergh School.) Size 4x3 inches, 

291 Hearl of Ennerdalc Valley, Mounds of glacial debris 

I8ii0 

292 Boriovvdale . . . Glaciated rock surface 

Derbyshire. 

Photographed hy WiLUAM Potter, Matlock, Size 10 x8 hiches, 

276 Slovens’ quarry, Matlock Caibonifeious limestone, with lead rain 
Dale, LS9() 


Per Yorkshire Naturalists' Union (Geol. ]*hot»>. Section). {Photographed hy 
Godfrey JHxoley, lo Cardigan Jtoad, Leeds.) Size 6x4 inches. 

468 Alatloek Hath, Searthin Nick Gorge in C.iiboniferoiis limestone 
477 Matlock, High Tor . . (’aibomrerous limestone 

469-474 Dove Dali‘ . . . Carboniferous limestone, elfects of erosion 

480,482-3 „ J’lllar Ko(‘k 

475 iMilh'r’s Dale, Cliee Tor . ,, „ 

476-478 Chee Dale ... 

479 ^MonsalDale ... „ ., „ 

481 Ash wood Dale ... „ ,, „ 

Per Professor James Gkikik, LL.P., F.R.S. {Photographed hy Herbert 
Poii'iON, Manchester M}i„'eam, ManeJn'sfer.) Size 12 x 10 inches. 

'542, 543 Darlcy, near Matlock, 1891 Cutting in boulder clay, with large boulders 


Photographed hy Evan Small, M.A., P.Sc., University College, Nottingham, 
570 Miller's Dale . . . Weathering of Carboniferous limestone 
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xiArvrjtix Aocjx* 


Devonshire. 


Photogra^phed hg A. K. Hunt, M.A., F.G.S,, Southwood, Torquay. 
Sizes various. 


Regd. No. 

417 Kent’s Cavern, Torquay 
(from) 

41S 

419-421 „ 

422 

423 

424-429 Torbay, ‘ The Hope’s Nose’ 
430 Torquay . . . . 


Group of bone implements 

„ flint do. 

Nodiile tools (breccia) 

Hones : beaver 
'rooth : cave lion 
Raised beach 

Natural aicii: Middle Devonian limestone 


Photographed hg J. J. Colk, F.R.A.S.y ^ Magland,' Sutton, Surreg. 


574 Dartmoor, Hounter Tor 

575 „ 

576 „ Hoy T(^r 

577 „ Hey Clatter 

57S Bla<rbeiry, Hartland . 
579 Holcombe Hoad. 

5SO Brent Tor Clitf . 


Granite, fallen and shifted 


Anfrular blocks of granite, fallen N. and W. 
Folding's in Carboniferous strata 
New Red Conglomerate 

Volcanic ash . remains of cone of Carbon- 
iferous age 


Dorsetshiue. 

Photographed hg Miss M. K. Andrews, 12 College Gardens, Belfast. 
Size 4i inches. 

296-299 Lulworth Cove , . . Chalk an<l Purbcck stiata 


Photographed hg J. J. CoLE, F.R.A.S., ^ Magland,' Sutton, Surrey. 


581 Lulworth. Stare Ceve 

582 „ Stair Clift 

583 Stare Hole 

584 „ Co\e 

585 Gael ClilT, near Kimmi'ridge 


Greon-an<l. Puibock and Portland beds 
Contorted Purbeck beds 
Ikirtlaml .stone 

Inclined Puilu'ck on ‘Dirt beds’ 

Poll land stone cn Kiiiimendge clay 


H.\m p.siriRE. 

Photographed hg A. R. Ili^NT, M.A., F.G.S., Southrood, Torguag. 
Size G X 4 inches. 

431 Freshwater, T. of Wight . Natiual arch in chalk 

Photographed^ hg Miss M, K. .^\ndri;w.s, 12 College Gardens, Belfast. 
300 P»ournemouth . . . Rournernonth sands 


IlERTtORD.SlIIUE. 

Photographed hy John Hopkjneon, F.G.S., The Grange, St. Albans. 
Size 4x3 inches. 

525 Watford Heath Kiln, 1801 London clay on Heading beds 

526 „ Bushey Kiln . „ „ 



ON PHOTOGKAPHS OF QEOLOGHCAL INTEKEST. 


827 


Regd. No. 

527 Chalk pit north-west of Upper chalk, with flints 

Bushey Station, Watford 

528 Do. north of Bushey Station, „ with ‘ pipe’ of gravel and sand 

Watford 


Isle of Man. 

Ter YorJcsliire Naturalists* Union (Geol. Photo. Section). (^Photographed hy 
G. H. Rodwell, 44 Wade Lane, Leeds.) Size 4x3 inches. 

301 Spanish Head and * Sugar Clay slates ; sea ‘stack’ 

Loaf ’ Rock, 1890 

302 Douglas Head, 1890 . . Contorted clay slates 

Photographed l)y F. N, Eaton, 31 lllghfield South, Eoclc Ferry, Cheshire. 
She 4x3 inches 

3 03 rort Erin, 1891 . . Contorted clay slates 

304 „ the Breakwater Elfects of .storm 

305 Poit St. ^lary . . . Cambrian beds on shore (with fault) 

306 reel Castle . . . Quartz veins in elate 

307-8 „ .... Contorted strata 

309 Douglas Bay, Foil. Jack . Stratification and jointing of rock 

310 „ L]glitliou>e . Contorted clay-.siates 

311 ,, I’ort Skillimi Vertical clay-slates 

Per Chester Society of Natural Science (Photo. Section). (Photographed hy 
Dr. Hv. STnj/rhiuoiii, 3r.A., Chester.) Size Gx4 inches. 

349 Langness, 1890 . . . Junction of Old Red sandstone and clay 

slates 

350 „ 1889 . . . Old Red conglomerate 

351 „ 18i>0 ... 

352 Scarlett roiiit . . . Core of old volcano 

Kent. 

Photographed ly Ar'Iiiur S. Reid, M.A., F.G.S., Trinity College, 
Glenatmnnd, X.B. 

344 -347 Lenhain, 1891 . . . Sand * pipes ' in chalk 


Per Yorlshire Naiurftlisfs' Union (Geol. Photo. Section). (Photographed hy 
Godfrey Rin(’.li;v, 15 Cardigan lioad, Leeds). Size 8 xG inches. 

507 Tunbridge Wells . . The ‘ Toad Rock ’ 

Per Captain J. Gordon M(T).\IvIN, 15 Fsjdanade, Borer. 

Size X 10 inches. 

414 Hover, Shakespeare Cliif . iVIiddle and lower ehalk 

415 „ East Clitt . . I'pper and inuldlo chalk, showing coast 

eio^ion 


Lancasuire. 

Photographed hy R. G. Brook, Sf. Helens. Size 8 x G inches. 

285-290 Ravcnhcad, 1890 . . Coal measures, with outcrop of ‘ fiery mine ’ 

seam exposed in clay pit 
[The Mews foiin a connected series.] 
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Shropshire. 

Photographed hy W, W. Watts, M.A,, F.G.S.^ Geol. Survey of Ireland^ 
14 Hume Street^ Dublin. Size 8^ x 6^ inches. 

Regd. No. 

435 Hope Rectory, near Min- Contorted ash bed (Middle Arenig series) 

sterley, 1880 

436 Wenlock Edge, 1887 . . Bedding and concretionary structure of 

Weniock limestone 

437 East Hox^e, 1886 . . Wenlock limestone 

438 The Wrekin, from Benthall General view 

Edge, 1886 

439 Corbett’s Dingle, near Coal measure sandstone : weathering 

Broseley, 1886 

440 Quarr\' near Walcot House, Lower Wenlock beds 

near Cbirbury, 1886 

Somerset. 

Photographed by Jas. D. Hardy, 73 Clarence Boad, Clapton^ London. 
Size 8x6 inches. 

2177 Ilolwell, near Frome, 1890 Rhmtic beds: Microlcstes quarry 

Photographed hy Miss M. K. Andrews, 12 College Gardens, Belfast. 
Size H inches. 

278| 279 Newbridge, near Weston White lias 
Station, Bath 

Photographed by W. H. F. Alexander, 14a Charley Old Road, Bolton. 
Size 6x4 inches. 

312 Cheddar Cliffs, 1800 , . Gorge in Carboniferous limestone 

Bath Natural History and Antiquarian Field Club. Per Rev. W. H. 
WiNWOOD, Jtl.A., 'F.G.S., Secretary. {Photographed hy G. F, PoWELL, 
Bath.) 

569 Midford Station (near), 1891 Inferior Oolite : Triyoyna 


Staffordshire. 

riiotogrophcd hy A. SopwiTH, G.F , Cannock Chase, near Walsall. 
Size 6x4 inches. 

282-284 Cannock Chase Coal Mine Coal seams in interior of mine 


Wiltshire. 

Per J. Lardner Green, F.R.Met.Soc., * Tint inh all,* Milford Hill, Salis- 
bury. {Photographed by W. Brooks, High Street, Salisbury.) Size 
10 X 8 inches. 

416 TefTont Mill, near Dinton, Contorted Purbeck licds 
1803 
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Photographed ly R. G. Durrant, M.A., The College, Marlborough, 

Size 8x6 inches, 

Kegd. No. 

5*7-848 Marlborough. ‘The Devil’s Group of Sarsen stones 
Den,’ 1891 

549 „ Eoad to ClifTe Lower chalk 

Pypard 

Worcestershire. 

Photographed by C. J. Watson, AcocVs Green, Birmingham, 

Size 8x6 inches, 

294 Bilberry Ilill, The Lickey, Contorted Llandovery beds 

1884 

295 Tewkesbury (banks of river Keupcr marls 

Severn), 1889 (6x 4 in.) 

Yorkshire. 

Per J. E. Clark, 9 Feversham Terrace, York, (Photographed by 
W. Eskett, Lendal, York.) Size 8x6 inches, 

354-361 Foundations of Goods Sta- Boulder clay (8 sections) 
tion, York, 1876-7 

Per Yorkshire Naturalists* Union (Geol, Photo. Section). {Photographed 
by W. H. Sawdon, Ingleton.) Contributed by C. D. Hardcastle, 31 
Victoria Place, Leeds. 

362| 363 Ingleton .... (\'\iboniferous limestone with band of coal 

and shale 

Photographed by G.H. Rodwell, 44 Wade Lane, Leeds. Size 6x4 inches, 

364, 365 (lordale Scar . . . (’aiboniferous limestone 

366, 509 Buttertub Pass, Upper Landscape • ,, ,, 

Swalcdale 

367 llardraw Scar, Wensleydalc Gorge in Yoredale rocks 

368 Middl<‘ton, High Force . Ki \ or erosion ; waterfall 

510 Hell Gill, ni'ai Hawes . „ „ 


Photographed by IF. Richardson, Sedhergh School. Size 6x4 inches. 

369-372 Taith’s Gill, Sedhergh . Anticlinal in Caiboniferous limestone 

373,374 Ciook of Lunc . . . BaniiL<lale slater 


Photographed by A. G. P^de, Sedhergh School. Size 6x4 inches, 

375 Nor (Ull, Sedhergh . . Caiboniferous limestone 

376, 377 Taith’s (Jill ... 

378 Garsdale .... Silurian rock 

379 River Pawtliay . . . Rivi-i vallev : Silurian rocks 

Photographed by H. H. COBU, Sedhergh School. Size 4x3 inches, 

380 Uldale Force, Sedhergh . Horizontal beds of Carboniferous limestone; 

waterfall 

381,382 Hebblethwaitc Gill . . Conglomerate bed 

383 llawtbay Bridge . . Yeitical beds of Carboniferous limestone 
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ThotograjpJied hy A. Lambert, York Terrace, Harrogate. Size 4x3 inches. 

Regd. No. 

384b Ripon Park ; Banks of Ure Contorted strata (? Yoredale) 

385 Swaledale ; Catrigg Force . River erosion (Carboniferous limestone) 
388,388 „ Kisdon Force . „ 

387 „ East Gill Beck . „ „ 

389 „ Mill Gill ,nearAskrigg ,, ,, 

Photographed hy Godfrey Bin^gley, 15 Cardigan Road, Leeds. 

Size 6x4 inches. 

484 Inglcton, Thornton Force . Carboiiiforons limestone resting on Silurian 

grits 

185,486 ,, Baxendale Gorge Channel in Silurian grits 

187>498 Harrogate, Briraham Rocks Millstone grit ; weathered masses 

499 „ Birk Crag . . „ ,, 

500 Plumpton Rocks „ 

!01-504 Meanwood, Leeds; Rowley’s Glacial debris lying on contorted Lower Car- 
Quairy bonifeious shales 

505, 506 Pateley Bridge, High Stean Gorge in Caiboniferous limestone 
508 Raiders by Park, near Thiisk Large boulder of Carboniferous grit 

Fui’chnsed hy the Yorlshirc Natural i'-sfs^ Union- (Ceol. Photo. Sectioii) — per 
J. E. Bedford, Secretary, 9 Cardigan Hoad, JjetaU Size 4x3 inches. 

511 Ilkley ; ‘Cow and Calf’ Blocks of Millstone grit 
Rock 

Photographed hy A. E. Nichols, Jh^ronyh Engineers Office, Leeds. 

Size 8 X 6 inches. 

51Z Wintorburn Re^'Crvoir, near Brecciated limestone in Rowland shales 
Gargra\ e 

513 ,, ,, . Striati'd boulder of limestone 

514 Harrogate, Plumpton Roeks Millstone giit 
il8-5ZO Hunslet, Leeds (Gould Sc Lower coal measures 

Stevenson’s brick} ard 
and quany). ISO I 

[Sliowing the condition of the ex'cavntionN photographed by 
]Mr. F. \V. P>KANSox in J KS."* ] 

521 Leeds, Royle% brickyaid Coal measures 

522 Bradford, Cliff's clay }>its . Glacial drift 

515-517 Otley (Aim’s Cliff) . . Kinderscout grit 

i23, 524 Scarborough, Castle Hill . Calcareous gnt (oolite) with ‘ doggers’ 

North Wales. 

^er Manchester Geographical Society^ P1l[ SowLituuTrs, F.R.G.S., Secretary. 
{Phofoyraphed hy members.) Size G x4 inches. 

313 Swallow' Falls, R. Lliigwv. River erosion 
14, 315 Fairy Glen. Rottw's-y-Coed „ „ 

16, 317 Conw’ay Falls, ,, . ,, 

318 Rapids, Conway River , „ „ 

*er Birmingho-m Natural History Society. Contributed, by C. J. Watson, 
Acoc/ds Green, Blrmmaham. {Photographed hy F. I. WiLLlAMSON, 
Esher, Surrey, and G. W. Wills, Widde Green, near Bmninqham.) 
Size 8x6 inches. 

19-321 Llanberis 
322 Capel Curig 


. J’erched blocks 
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Begd. No. 

323 Capel Curig (S.E.) . • Roche raoutoi)n6e 

324 Cwm Tryfaen (W. side) • Large perched block, lying on glaciated sur* 

face 

325 Trefriew .... Glaciated rock-surface on W. side of road 

Photographed hy Dr. Henry Stalterpoth, M.A., Chester. 

Size 6x4 inches. 

353 Troraerchion, Vale of Exterior of bone caves in limestone ; Fynnon 
Chvyd, 1890 Bouno and Cae Gwyn 

Photographed hy W. W. Watts, M.A.^ F.G.S., Geol. Survey of Ireland^ 
14 lliime Street, Dublin. Enlargements from ^ plate, 

441 Welshpool, Quarry at . Dyke of columnar diabase 

442 Arenig, Railway (hitting . Boulder clay, with boulders 

443 Llyn-y-Gader, Cader Idris . Moraine dam 

451 ,, „ . Lake dammed by moraine 

444 Llyn-y-Cac (fiom N. side), Moraine dam 

('ader Idiis 

445 Llyn-y-C.ie (from E. side) Perched blocks 

Cader Idiis 

446 Llyn-y-Ca(‘ (east of), Cader Roelu' moutonnec' 

idiis 

447,448 Llyn-y-(hio, Cader Idris . „ „ and [lerclied blocks 

449 Y Foci I'erfydd, Pen-y- Perched block (ligured by Sir A. C. llAMSAY) 

Gvvryd 

450 Pass of Ll.inb('ris, below Glacial moraines (de^ciibcd by Sir A, C. 

mouth ol (hvm Glas llAMSAY) 

Per G. H. Morion, FO.S., 20f) Edge Lane, Liverpool. {Photographed hy 
the late, W. H. Wilson, of the Liverpool iUiologiral Society.) Size 
12 X 10 inches. 

550 Llan^olh'iu Tan-v-f’astell Garboniferou.s liim'stoiie 

IhiMne, Kgl\s}seg Pocks, 

1S7() 

551 Llaiit^ollen, Grnig-\ r-ogof . ,. „ 

552 Llangollen, Ty-iiant Ravine, Carboniferous limestone 

facing Ciaig-yi-Ogof on 
the Noith (Panoramic 
■view, *J{) \ I.l inches) 

[Showing the subdivisions of the (‘aihoniferous limestone senes, described by 
iMortoii in ‘ I’loc. Liverpool Geol. Soc Vol. Ill , 1S7G.] 

Photographed hy J. J. Coi.r, F.R.A.S., ‘ Ifayland,' Sutton, Surrey. 

586 Llanberis PasN . . . Altered rhyolites, lavas and tuffs 

587 S]nir of Snowdon . . Grdoviiuan slates, Ac 

588 CHvm Glas, Snowdon . . (ilaciated hollow; locho inoiitonnce 

Scotland. 

Photographed hy John STKWAirr, B2 Poyd Street, Largs, Ayrshire. 

Size 6x4 inches. 

348,349 Ness Glen, Doon Water River erosion 
(near Dalmclhngton), 

1801 

350 Loch Doon . . . Glaciated surface (lock basin) 
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Eegd. Ko. . 

351 Strathblane . . . * Balagati beds,’ with fault in limestone 

352 * Spout of Balagan ‘ . . Valley^ erosion 

353 Cumbrae, ‘ Lion Rock’ . Trap dyke 

Fhoto graphed hy Arthur S. Retd, Trinity College^ Gte7ialmond, Perth, 
«08 Perth, 1891 . . . Large glaciated boulder 

Photographed hy Wm. Korru:, 28 Cross Street, Fraserburgh, 

Size 8x6 inches. 

390 Colonsay, W. Coast, 1888 . Wind-eroded rocks 

391 S. Mull* .... Featliered fracture in basalt 

392 Island of Mhurie, 1887 . Basaltic peak 

393 „ Tiree, 1889 . . * Ring and Cupped ’ stone 

399 „ Rona, 1887 . . Wave tunnel 

395 „ ,, . . . West horns of N, Rona 

396 ,, Treshmst, 1889 . Summit of ‘ Dutchman’s Cap ’ 

397 ,, „ . . Sea ‘stack’ 

398 Whitenhead, 1889 . . „ 

399 „ ... Contoi ted gneiss 

4:00 „ . . . N. end of great fault 

901 Island of Rum . . . Stack of Mharagach 

902 „ Mingulay, 1888 . S W, cldf 

^03 „ „ * ,) . Clitf on W. coast 

Per A. R. Hunt, F.G.S., Sonthwood, Torguay. 

(^Photographed by Mr. A. J. CoRiUK.) 

933 Ross Bay, Kirkcudbright- Roches moutonnees 
binre 

(Photographed by A. R. IIuxT.) 

939 Kuinbling Bridge, Dunkehl River vallev', with pot-holes in bed of stream 


lUEL VN1>. 

Photographed hy W. II. F. Alexander, 1 ia Chorley Old Jload, Bolton* 

Size 4 X .*> inches. 

391 Castle Connell, bank of Carboniferous limestone 
Shannon. 1890 

392,393 Kilkec .... Sea cliffs and stack 

399-396 ., .... M.arine dmiudatic)!! ; caves an<l headlands 

397 GlengarifT, Co, Cork . . I’erched block on roa<l to Berehaven 

Photographed by Mi.sa M. K. Andrews, 12 Oollege Gardens, Belfast. 
Size 6x4 inches. 

326-328 Carnmoney Hill, Co. An- Old Volcanic neck 
trim, 1891 

329-339 „ „ ,, Sections in chalcedony quarry 

337 Cushendun . . . . Old Red samlstone 

338 Whitehead. . , , Tmp d^ke 

339 The Corran, Lome . . Gravel beds on boulder clay 

530 Kinbane Head . . . Chalk underlying basalt 

531f 532 Ballyca.stle . White chalk 

533 „ Colliery Bay . Dyke in Carboniferous strata 

539-537 Whitehoiise, Macedon Pt. . D>ke.s in Bunter sandstone 
335, 336 Corr’s Quarries, Armagh . Trap dyke 
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Regd. No. 

3ft0 Copeland Island, Co. Down Lower Silurian 
538 Ilolywood Shore „ Lower Carboniferous sliales 
539,54:0 „ „ „ Dyke in Lower Keuper 

54tl „ (near Marino), Marine erosion of coast line 

Co. Down 

529 Downhill, Co. Londonderry Clialk underlying basalt 


Fhotogmj)Jied hy Tempest Anderson, M.D.^ 17 StonegatCj York. 
{^Eiilargemc tits from \-iilate negatives.') 


553, 554 Garron Point, IHIU 

555 „ „ Quaiiy. 

556 Cairick-a-llede . 

557 

^58 Kenbane Head . 

559 Portnakillew 

560 Portnabue . 

561 Giant’s Causeway 

562,563 „ „ and 

amphitheatre 

564 Pleaskin 

565 White Ihicks, Uunluce 

566 „ 

567 Garron; ‘WliiteLady* 

568 Portinoon . 


Great fault 

Junction, basalt and chalk 
Old volcanic vent 
Sea stacks 

Pasalt on chalk ; fault 
Intrusive basalt 
Dyke 

Basalt; marine erosion 
Columnar basalt 


Spheroidal basalt 
Natural arch in chalk 
Weatlu'nng of chalk 
IMaiine denudation 


Jleport of the Committee^ conKlstlntj of Mr, G. J. Symons, Mr. C. 
Davison (Secrelo n/), F. J. ' Hramwkll, Mr. E. A. Cowper, 

Professor (f. H. Darwin, Professor Ewing, Mr. Isaac Koberts, 
Mr. Thomas Gray, Dr. John Evans, Professors Prestwich, Hell, 
Lebour, jMeldola, and Judo, ]Mr. I\I. M^\lton Brown, and Mr. 
J. Glaishkr, apj/ointed to coiulder ike cidvisahilliy and possi- 
bility of esfahlisJuny in otJ ter parts of the country Observations 
'Upon the Prevcdeace of Earth Tremors similar to those now 
being onade in Durham in connection with coal-mine explo- 
sions. 

During the past year the Committee have examined a large number 
of instruments designed for the observation of earth tremors and other 
small movements of tlie earth’s crust. They hope to be able, in their 
next report, to report npou them and to recommend instruments specially 
adapted for use in this country. 

The Committee invito designs or suggestions for the construction of 
the following instruments : (1) a seismoscope for recording the time of 
occurrence of a tremor, either by stopping or preferably by not stopping 
a clock ; (2) a self-registering instrument for determining the time of 
occurrence, the direction, amplitude, &c., of a tremor or series of tremors ; 
and (3) a simple form of nadirane or other instrument for the observation 
of slight carth-tilt.s. Communications on this subject should be addressed 
to the Secretary (Mr. C. Davison, 38 Charlotte Eoad, Birmingham), who 
will bo glad to answer any inquiries. 

The Committee respectfully suggest that they be reappointed, but ask 
for no grant. 
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REPORT — 189L 


Repcn^t of the Committee^ consisting of Dr. H. Woodward {Chair^ 
man\ Messrs. W. D. Crick, T. G. George, Wm. Hull, E. A. 
Walfori), E. Wilson, H. B. Woodward, and Beeby Thompson 
{Secretarg\ to ivork the very Fossiliferous Transition Bed be- 
tiueen the Middle and Upper Lias in Northamptonshire^ in 
order to obtain a more clear idea of its fauna, and to fix the 
position of certain species of fossil fish, and more fully investi- 
gate the horizon on which they occur, {Drawn up by the 
Seci'etary.) 

In 18G3 ]\[r. E, C. H. Day published in the ‘ Journal of the Geological 
Society’ a paper entitled ‘ On the Middle and Upper Lias of the Dorset- 
shire Coast.’ In this paper, page 293 of the Journal, Mr. Day describes 
‘The Marlstonc with its Plenrotomaria Bed.’ From this description it 
appears that the niarlstone rock bed is capped by a remarkable bed of 
small thickness, abounding in gasteropods and otlicr fossils, which indicate 
— particularly the ammonites a passage bed between the Middle and 
Upper Lias. .Mr. Dciy considers that the Fish bed of Ilminstor and 
Dumbleton is absent. 

In 18Go-0t’> Mr. Chailes Moore published, in the ‘ Proceedings of the 
Somersetshire Archa’ological and Natural History Society,’ a long paper 
* On the ^Middle and U{>[»er Lia.sC)f the South-West of England,’ in which 
he describes a zone situated between the iMarlstono and Fish bed under 
the name of the Ltpfnun beds. 

In 1872 Mr. Thos. Beesley read a paper before the Warwicksbiro 
Naturalists and Arclwologists’ Field Club entitled ‘ A Sketch of tho 
Geology of the Neighbourhood of Banbury,’ in which mention was made 
ot a passage btd between the Middle and Upjier Lias. 'I’lns paper was 
published in tlie ‘ Proceedings ’ of the Society. 

In 1870 ^Icssrs. Tate and Blake publi.shed tlieir ‘ Yorkshire Lias,’ 
in which they described a zone of the Middle; Lia.s, under the name of 
the Zone of Ammonites Annidatas^ occupying tho position of the Plcuro- 
omaria bed of Day and the Leptiena beds of .Moore. 

Again, in 1879 Mr. Edwin A. Walford publi.shed in the ‘Proceedings 
of the Warwickshire Naturalists and Archaiologists’ Field Club ’ a paper 
‘ On Some Middle and Upper Lia.s Beds in tlie Neighbourhood of Ban- 
burj".’ This paper de.scribes a bed situated between the Mailstono rock 
bed and the UppiT Jjias Fi.sh bed, in the south-western parts of North- 
amptonshire, under the name of the Transition b^'d. 

Some few years ago two of the members of this committee -Messrs. 
Thompson and Crick — detected the same bed in a rather largo number of 
widely separated parts of Northamptonshire, and as far north as Tilton, 
in Leicestershire.' 

As it seemed of considerable interest to more thoroughly investigate 
this bed and those immediately above and below it, and there was much 
difficulty in doing so owing to nearly all the Marlstone quarries being 
closed, the British As.sociation kindly made a grant of money for tho 
purpose. The present report gives the results of the investigation. 

* Mr. E. Wilson had prcviou.sly de.scribed the deposits at Tilton, but did not 
separate the Tran.'^ition bed from the ruck bed. 
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By the date of delivering the report, July 25, it has not been possible 
to thoroughly investigate all the material collected, but if anything further 
of interest is found a supplementary report will be presented in 1892. 

We particularly desire to thank Mr. S. S. Buckman, F.Gr.S., for 
examining and reporting on the ammonites, and Mr. E. Wilson, F.G.S., 
the gasteropods. 

Situation of Sections. 


The sections that have been opened are situated respectively at Milton, 
about 3 miles S.S.W. of Northampton ; atBugbrook, about 4 miles almost 
duo west from the last named ; near to Arbnry Hill, and at Catesby, 
about 8 miles further westward ; and at Chipping Warden, about 
miles S.S.W. of the Arbury Hill one. 

The list of fossils contains some collected over a rather wider area 
and extending northwards as far as Watford (on the railway), 7h miles 
N.E. of Catesby. 

It will bo noticed, therefore, that the investigation embraces places 
situated 14 miles apart from N.E. to S.W., and about 12 miles at right 
angles to this. 

General Section. 


The section given below shows the sequence of the beds studied, in 
its most complete form. 


c 5 

i; 

<o 

02 


Unfossiliforons cl.ay^ of the Upper Lias 
‘C'oramums’ f A. C'e})h.'ilop()da bed . . . . . 

beds. ] B. C’l.iy with numerous small pLuiulate ammonites 


kSt‘i iiciitiiius 
beds. 


Fidi l)ods 


Traii'^ition 

beds. 


Id. ( ■ 


Cephalopoda, bed 


Ft. 111 . 
0 to 100 0 

0 6 
:Uo G 0 
0 G to 9 


Fi ( '('j)halop<Kl;i bed — not constant 

F. Sliale — lari>e ammonites and lish fragments 

CL Fi"}! b('d— nodular ..... 

II. l^a])er shale ...... 

r. Flu'll bed in large .slabs .... 

J I’apcT shale ..... 

K Ih'd sand or .sjuidv clay . . . *11 

L Ciiev marl 


‘ Spinatus ’ zone. M. ]\l.iilslone lock bed 


;i to o 0 
0 4 

0 4 
0 2 
0 4 

0 2 
0 5 

0 greatest 
thickness. 

G 0 


In regard to the above seel ion we may say that there is no exposure 
giving the full sequence, aiut tliat where the upper beds are shown 
the lower ones may ditl’er som(‘what from this, and vice versa. 

With regard to E and F the evidence is about equally balanced as to 
whether they should go with the ‘ Serpentinus * beds or the Fish bods, 
and so wo prefer at pr<'S(‘nt <o leave it undecided. They may be regarded 
as constituting a transitional zone. 

The tiist section was opemal in tbo spring of 1890 at Milton, about 
3 miles S.S.W. of Northampton, but OAving to tbo delay in procuring 
permission, and otlu r ditlieulties experienced, that was tlio only one that 
could bo 0 })ened that ^'ear. In some respects, however, this was the 
most interesting seel ion examined. It has the advantage of being further 
eastward than any other section exposing the same beds, and, as has 
been pointed out elsewhere,' tbo beds seem to vary more at right angles 
to the lino of strike than they do along it, 

* 77/c Middle Lias of North avqdonsMre, by Beeby Thompson, F.C.S., P.G.S. 
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Section of Middle and Upper Lias Beds near to Milton. 


The letters A, B, C, Ac., refer to the positioa of beds in general 
section , 


Ft. in. 


1. Soil passing into marly claj^ The clay, wliich is 
nearly white, only occupies a few inches near the 
base. A few fragments of Jielcnni'ites . , , 2 G 


E. — 2. Cephalopoda Hed. — An argillaceous limestone, 
hard, nearly white, very fossiliferous, chielly largti 
ammonites of the falcifer group badly preserved. 0 4 

Ammonites ^erpentinus {near to) Apti/chi. 

,, Strangmaysi (common). 

,, exai'afus 

,, cornucopia. 

Cerithium gradatum? 


F". — 3. A liglit-coloured, somewhat shaly l)ed, model ateh 
hard, scarcely to be distinguished from No 2 in 
appearance, ami containing similar Ammonites ol 
large size. Numerous ds/i fragments in lower 
portion ......... 0 1 

G. — 4. Fish Bed. — A liglit-eolourcd nodular limestone, not 

continuous, resting on or in thin shale Fish 
fragments common, also Ammonites and their 
aptychi . . . . . . . . .02 

H. — 5. Paper Shale. — A shale splitting into veiy thin 

laminie, of a colour almost exactly like Xo 3 
Fis/i Jragments cvinmou . . . . .04 

1. — G. Fish Bed in largo slabs, most of which split e;isil\ 
into two or tlirco thinner ones. Fi'wer hsh liag- 
ments ami other fossils in this than in Xo. 4 .02 


J. — 7. Paper Shale changing dow’in\ards into a, more 
clayey layer, and then a more sandy one, alteiing 
to a reddish colour, and giadually losing its shaly 
character . . . . . . . .05 


8. Bluish shale or clay, somewhat .sandy, very thin, but 
quite distinct and continuous throughout the .sec- 
tion. Les.s regular in a hori/ontal diiection than 


the other beds . . . . . . .0 0^ 

Transition Beds. 

K. — 9. Rc<l sandy layer with a few badly firoservcd fo.ssils, 

chiefly Ifelemnites 0 5 


L, — 10. Grey marl, or lirne.stone, not very di.stiiictly se])a- 

rable from the .sand above or the limestone below' 

A great many Beleinnites, jierhajis six or .seven 
specie.s, but inueli worn and ciften fragmentary 
Gasteropods less abundant beie than in most 
places where the .same bed i.s found . . .07 

Ammonites acutus (many) Arconiya vetusta (many). 

„ Ilolandrei (many) Lima punctata. 

,, crnssvs Asiarie (two species). 

„ annulatus. Ithynclionellw (many). 

(iastcTopodst ()‘c. 

M. — 11. Rock Bed of Middle Lias, very fissile at the top, 

upper .surface very like, and has on it similui 
fossils to the Transition bed jiroper. Many small 
fat pebbles, jirobably quite local, and fair amount 
of crystallised carbonate of lime at the junction. 
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With regard to this section it may be observed that in no other 
locality in the county have we found the Fish bed so distinctly separated 
into two layers. 


Section at Bugbeook. 

(Mr. Ward’s farm, near the village, and south of the railway.) 

Ft. ia. 

B. — 1. Soil and hliio (day, miadi distuibcd. many little 

jtlanuhilc Ammomtes lying about on the we.itliered 
surface . ..BO 

C. — 2 Lower Cephalopoda Bed. — A n irregular la\or of 

small water-worn .stones of a ruddy yellow eolour. 

Oolitic in places, the broken surface across tliese 
oolitic parts looking very like coral . . .00 

Ammomto^ commioiis 
jVurtfla llamtncri. 

A\iuttU(S, 

D. — B Bine clay, latlier darker colour than usually in(“t 

with on tills horizon, red and sand}' at the top, 
also vciy iudd\ and shaly towards the bottom, 

Few fossils . . . ... . . ,40 

EandF.-— I. Ccpdai.opoda Bed (Inconstant Bed) -A liard 
bluish giey stone, wt'athcring (juite red at loiuts 
and exposed surfaces — called ‘ Pendle ’ by the 
vorkineii. Many Ammonites of the talcifer group 
and \(‘ry few of tht' })lanulate, the toriner often 
('iu''hed (piite Hat, as they are in the shales below 0 8 

A'ai/hhift axtaroidm / larz/a and small. 

- 1 m m ihu ti s exa ra t us. 

,, Slraagn'aijSiy 

The lino rihhisl variety of A. Stiangwa}'^! seenis 
ino*^t often eiushed. 

II. — o. I’APEii Fhale — A gro}*, finely laminated .shale, 
weatheiini; to a much li^^hter ciMour, contiiinmg 
fish fragments and a good number of tlattemsl 
Aminonites---ehielly tile line ribbed \ariety of A. 

Strang n'((ijsi ........ 

I. - 0. Fisii Bed. -A bluish-givy stone, laminated like the 

shales, and weathenngquilc white on the exterior 
Comes out in large Hat slabs — only nodular in oiu' 
part, and that just over a large fissure in the rock 
bed below ........ 

Fish fragments fail ly abundant, ou\y small Ammonites, 
chietiy d. Jate.'ieens. 

Saurian remains more abundant here than elsewhoie 
in the same b('d 

J. 7. Bapeu Shale like No. 5, though fewer Ammonites 

probably ........ 

L. — 8. Tkansjtion Bed. — N ot present as a distinct bc'd, 
and no ledclay ; ncvertlieless clearly shown by the 
altered character of the top of the rock bed, and 
by the presence in this of Ammonites Holandrei, 
tWithium frrreum, small lihynchonelUe, 

Nearly ns hard as the rock bed itself. 

No pebbles here. 


0 4 


0 2 


1891. 


z 
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Ft. in. 

M. — J). Rock^Bed op Middle Lias. — A n oolitic rock of a 
grecnihh-p:rov colour internally, red at joints. 

IMassos of JkhijnchoncUa tetrahedm, many rat lua* 
t'lnall ...... rcportod to 1>(‘ .1 0 

lidemntteg pd.rillosus atid others. 

Lntia- punrittfu 
Preirn hunt Ians {many^. 

„ dentafus (fair ninuhri’'). 

The section just described was opened at what appeared to be llio 
most convenient spot ; it was the .site of an old brickyard worked many 
years ago, and was left in a most convenient condition for reopening, but 
as the results were somewhat disappointing, the Rev. J. Harrison kindly 
gave ns permission to make a section at tlie old Hryhurst pit, about a 
mile further eastward, where the very fine fish Lepidotns rjiyas^ now in the 
British Museum, is .said to have been obtained.^ Tlic depth of the Fish 
bed at this spot made it impossible to work it without considerable 
expense, as it exceeded 10 feet, and there w'as no open face to commence 
at. The section made, however, .show's the development of some of tlio 
higher beds better than any other now to be seen in the district, and wo 
were able to get at the lower beds nearer the surfirco some half-mi lo 
away. Thus the three section^ in this neighbourhood enable us to get a 
very much better idea of the character and succession of the beds than 
we had before. 


Section at Dryhurst Pit, Buobkook. 

Ft. in. 

1. Soil and clay 2 to II 0 

A.— 2. Upper Cephalopoda Bed. — A Iianl rather .shnly 
limestone, bliu'-liearted, not very homoj^eneous in 
character, vorv forruginmis in places, and many of 
the fo^siL brit^lit red. Fossils very abundant, but. 
badly jiieserved . ... . . . l) t> 

^ 1 71) m on i tes h frons "| 

„ Holandrvi \ About equally abundant . 

,, eomimmis j 

„ eoniucopla (eery I a rye'). 

„ snbea7’inutus. 

Xautilvs (large). 

Bel€7nnites (long .deader forms). 

Lima (2 sp. ; large). 

Coral. 

Very few specimens of llarpoceras besides fl. bifrons. 

B- — 3. Clay, dirtydooking, ferruginous, sandy, streaked with 
blue. Same fossils in bed above apparently, but 
most fragmentary or .small 4 6 

No specimen of A. bifrons detected. 

C. — 4. Lower Cephalopoda Bed. — A hard blue-hearted 
stone, much more argillaceous than No. 2, purple 
marking.s at fresh joints, ferruginous where 
weathered. Some very large Ammonites — A. 
Htra7igimysl — but extremely diflBcult to extract . 0 


* Figured in Agassiz’s LLech^rches svr lc$ Poissons JosrilcSy vol, li., p. 2.>.“) ; ^d^o in 
Baker’s Northamptonshire , vol. i., p. 440, 
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Ft. in. 

D.— 5. Dull prrey clay nr shale, blue towards bottom. 

Bottom not reached . . . . . , 3 0? 

The continnation of tin's section is shown in a shallow opening some 
half-mile away, and is almost exactly like that at the bottom of the tirst 
section described (Mr. Ward’s farm), except that the Transition bed is 
softer and more distinctly shown, and the Fish bed is more nodular, and 
apparently more fossiliferous. It does not appear necessary to give n 
separate section and list of fossils. 

The next section opened was near to Arbury Hill, about 13 miles 
almost due east from Northampton. In this neighbourhood the rock bed 
is very near to the surface. 


1. Soil 


Sec'iiov \i-:au to Aki:l’ry Hill. 


Ft. m. 
lto3 0 


E to J ? — 2 Bed -A Aollowish, hometimes almost, white 

hrnf^louc, vciy incaular in composition, not in 
the l(>ast like tli<' Fi.sh bed in the otlior sections 
desenbed. Chowded with Aiiimomtes . . . 0 3 

Fish fn/ff/jic/tfs (ff fi'w'). 

Ft! am j,Jud us ut i n id us. 

O ritlnu nt suhhassicum ( -- Xcriiucii Jiassica). 


i V nilitu m gra da t ii ni ? 


. 1 m moil i tes ro7'it uropla. 

- i iiimonifcs similis. 

,, serjaud i uiit> / 

„ ('((‘Cilia. 

„ fa/cifer. 

exaratus. 

„ Strangiraysi. 

crassus. 

,, lafc.sccus. 

„ n. sp., dV 


L.— 3. 


Traksitton Bed- -A light grey maid, rather haid, 
hence difficult to extract fossils fiom whole . 


0 3 


A mmonites a out us 

„ U 7 YISSUS 

,, Jlolandri'} 

Turho llnctus 
PJi asia nef la t u rhuiida 
A cfa'onima 7 ! mnisturcnsis 
. 1 in hci'lija - ICol us 


Jliauitrs vtlatus. 

Plicatnla spinosa. 

Pecten textorius, 
Ithijnchoiiflla tetrahedra, <^'o. 


M. — 4. Bock bed 


4 0? 


Fortunately a similar section was opened at Catesby abont the same 
time, and worked for about a week for road metal. Tliis gave us an 
opportunity of examining the ruck bed of that district. The section 
itself above the rock bed is so similar to the one at Arbury Hill that 
it would bo inero repetition to give it. 

The rock bed is here calcareous, ferruginous, and very fissile. The 
fossils obtained or noted were — 

Pecten cr/ui raids {large forml). 

,, dr u fat us. 

„ hmidaris. 

Lima sp..* {very large form?). 

Trigoiiia, TAngoncnsis '! 

Ithgncluuudla tetrahedra {in masses'). 

Tercliratida gmnetata. 

Waldhcimia j'esujnnata^ ^’c. 
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It will bo noticed that the last two sections, Arburyand Catesby, differ 
greatly from the more easterly ones. The Fish bed is totally different in 
appearance and composition, and has developed into a Cephalopoda bed. 
There are no Paper Shales, and no red sandy clay between the Transition 
bed and Fish bed. It is very probable that the Fish bed of this district 
embraces the fauna of all the beds from B to J of the general section. 
The fossils would seem to indicate this ; indeed, we believe there is no 
fossil from the beds E and F that is not included in the Fish- bed list. 

^ Ko crushed Ammonites, and no Aptychi, have been found in the Fish 
bed, where it has the abnormal characters just described. 

The last section opened is situate about a mile north of Chipping 
Warden. The richly fossiliferous condition of the Transition bed here 
was made known by the investigations of !Mr. E. A. Walford some years 
ago, when the quarry was in work. The Transition bed at Chipping 
Warden is softer and more easily worked than at any other place known 
to us. This may perhaps partially explain the reputed richness of the 
bed. 


Section at Ciriprixa Warden. 


1. Soil . i a 

D. — 2. Light-coloured calcareous clav, A few lit'Irnintfr.'i 

and fragments of .1 . . 2 0 


Some fragments of whitish limestone in tlio u])pt't 
y)art are probably lemnants of the JiOWti 
Cephalopoda bed. 

F? The lower portion i-^ moie "h.dv, and of a luddv 
colour, dark juirplo coloration at joint'^. 

<!, 11,1. — 3. Fisn Bed. - A limcstono in two band«*, upper j'jifc 
in small irregular ])ieces (‘usdy broken, lower in 
large slabs, none of it noilular, blue interu»r . . 0 ♦> 

Ammo?iites Sfra^ff/nutf/st (rc?y lanjr) 

„ livlandrci. 

„ acutus? formsi (Ii(fvru}fj 

otihf a htllr Jrorn), 

Fish remains (^a /nr'). 

Fuomphalus m hint us, A'c. 

K, L.— 4. Transition Bed. — Clay and grey friable shandy marl, 
very red m places the marl only fossihferous 
apparently. Some small ironstone conendions and 
crystallised carbonate of lime in the lower yiart. 

Most of the fossils from the Transition bed in the 
list to follow liave been at some time found at 
Chipjiing Warden (see list) . . . . .06 

M. — 6. Ferruginous limestone, similar to tlie rock bed, very 
fossiliferous, particularly in lower jiart, mo'-tly 
broken shells. Larne Itelewnifes, Picten lunulari'i, 

P. dentatus, Pentacrimis, lihyuehoncUa fetrahedra, 

Ac 0 3 

6. Sandy marl, much resembling the Transition bed, 

but the fossils larger, many crushed and broken 
hhoWn, Jlhynchfmellf/’ mostly as separated \ahes, 
a few gasterojwds 0 3 

7. A ferruginous limestone, very red exterior, usual fos- 

sils, depth ? 

The beds 5, G, aud 7 may collectively be regarded as the Marlstone 
rock bed. 



ON THE FOSPILIFEROUS TRANSITION BED IN NORTHAMPTONSHIRE. 341 


List op Fossils. 


I (S 

Name of Fossil ; 

o 

K 


Ichtliyosainiis— vcrtebim or teeth 
^tcro(lac•t 3 'lu^ ? (slender and ai)[)aient]y 
hollow bone). 

Lei)idotus (British Miisonm) . 

Pachycoinius (Northampton Museum) 
Leptolepis (;oiicentricus ! (abundant fra la- 
ments) I 

Amaltheiis s])inaf us, Bru^-, (iar(‘) . . ‘ 

1. tStepbanoeeias commune, Sow. . . . ' 

2. „ Holandrei, d’( >ib . . \ 

3. ., ciassurn, ¥(> 111 )}.^ and Bird . 

,, annulatum. Sow . 

4. ,, (-liLC) Gienouillouxi (near to)) 

,, ? fonticulum. Simp. J i 

., llaquinianura, d’Orb . 

semicelatum, Simj>. ? . 

., n sp 

Ilariioccias aeutum, Tate (abundant) 

6. seriientinum, liein. (near to) . 

Fiaut/.i, Be3'nes ? . . . 1 

f.ile,il‘eunn, Sow. 

6. .. Stranuwa^'si, Sow. ((joarse 

iibbe<l). 

,. (tim* libbed) 

7. ,, l^theiise, Y and B. . . ■ 

8. ., ele<i:ans, Sow. . . . . I 

y. simile, Simp. ? ... 

„ eiecilia. Hein. (Tate and Blake) 

,, boreale, Sceb. .... 

,, cxaratum, Y and B. 

,, latescens, Simp. 

Lev isoni, Simp. 

10. ., Ivmpharnm, Dumort. (nearto). 

jiiimordiale, Selil. ? 
sub})laiiatum, Oppel 
,, bifions, Blue^ .... 

I n sp. 7 (2) . ... 

Bb^lUx eias siibearinatura, Y. and B. 
Lyloeeias cornucopia, Y and B. 

A])ty(;bi (numerous, and of more tlian one 

species). 1 

Nautilus astacoides, Y. and B. ? 

Belemnites paxillosus, Schl 

,. (i ipartitus, Schl. . . , 

,, (mimeious species, inu<‘h 

worn), 

,, apicicurvatus, Blain ? . . . 

V ul}>:aris, Y. and B. . . . | 

hubtenuis, Sinij). . . . I 

llminstercnsi.s, Phillips? , 
(imidiicanaliculatus, Queiist. . 

Belotmitliis / ^ 

Dentaliuin elonoatum,Miinst.( ^ D j^racile, 

Mooic)- , 


! 

I 

I 



Communis 

Beds 
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List op Fossils — continued. 


Xamo of 


Uentaliiim llas^icllm, .Mnoio . . . . 

Neritina, sp. ? . 

Neritopsis transvcrsa. ^looio (lu'ai to) . 

„ oporculiiin Pultanon iinilobatuiii, 
Dcsl. 


Crvptirnia rotellil'onni'', (VOil*. 

! „ consobrina, Tatt* I . 

’ ,, holicifornii'-, De'^] . . . . 

I Pleurotomaria hclicinoide", Rom ( Tiocous 
hclR•lnolde^) 

,, rustica, Dc^l. . . . . 

,, anglica, Dof. . . . . 

„ Hieilatzeribi'- * Stol. 

A laria semicost ulata, Piette and Ku. Dcsl 
„ unispinosa, IMooic . . . . 

I Monodonta Lindecolina, WiDon (near to) 

' Euomphalus minutus, Schiib (abundant) 

' Trochus Thetis, Miinst. . . . . 

„ Pethcrtonensis, ;Moorc 

„ rotuliis, fetol 

,, lyi) sis (near to) 

i „ OtCgion, d’Orb (-T. Aiiel. Dunioit 

I and T. lin<Mtus Mooic ’) 

I „ sagenatus, Wilson . . , . 

j ,, duplicatus, 

I „ Northamptoiiensis, Wilson 

1 Amberlya Callipyge, AN'llson . . . . 

' Gaudryana. d'Oib. 


I „ „ var . 

! ,, il^olus, d’Orb ( = '’J’roohus Eni\ lius, 

d’Orb. ") 

' ,, cn]>itanea, Munst 

I Pourguetia (I'hasianclla) t ID l>inata. Mol 
! Turbo cyclostoma, 15cn/ .... 

,, nudii®, Moore 

„ varians, Moore .... 

,, bullatu.s, Mooio 

„ Thcodori, Mniist / . . . 

lineatu.s, Moort' .... 

„ sp. ? . . . 

, Pitonillu.s linctus, Moore 

‘ Eucyclus conspersus, Tat e . . . . 

j Littorma sp 7 . . . . . 

Ccrithium lias>icuni, Mooie .... 
j „ pyramidale, IMoore 

, „ ferreum, Tate .... 

, „ ooronatum, 3Ioore .... 

i „ Ilminstercnsi.s, Moore . 

i „ gradatuin, Moore 

„ reticulatiim, De.sl. 7 
[ Cerithinella (Ccrithium) conl’usum, 1 ate 
Chemnitzia semitecta, 'I’ato ? . 
l „ Plain villei, Miin.stei 

I ,, foveolata, Tate .... 

Actaeonina Ilmin.stcrensis, Moore . 



* 



* 

♦ 

♦ 


♦7 

♦ 
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Beds 
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List ov Fos^ii ^—continued. 


Name of Fo->sil 


Aclioonina h]) ' 

„ m<iii>inat;» ... 
f'vlindrites VVhiKicldi, ]\I<)<)ro 
Oilhostoiiui foiitis, j)umort '/ . . . . 

'rmnlella Dunkoii, Ten). .... 
Neniiioa liassica, Moore (so called) -- Ceii- 
thium siiblias.sicnui, lludlestoii Wil.soii, MS, 
O.sliea siibiii:ii^»-atitacca., liraiiiis 
,, sj)ortolia, Diiniort. 

„ c\ mbiuiti, Lam. var. obliqiial a . 

,, ,, ,, dejircssa 

Anomia nnmismalis, Qiionsl. .... 
rcctcn e(pnval\is. Sow. (lar^o form) 

„ dentatus, Sow. (a .small var. of equi- 
valvis) 

,, lunulaiia, Ib'im - P. liasimis. N\si. 

,, piiscu.s, Sclil . . . . 

., cahus, Goldl 

tcxtorius. Sclil. ..... 
,, .'^ubatriatua, IMm ? . . . 

,, piiiiiilus, Ijam. 

,, strionatis, (^iiensf. (a foim n<‘ar to) 
ITiiiiiitcs tuinidus, Zu*t. (^- J[, vcdatus, Goldf ) 
„ Dav.ei ..... 

Lima llermanni. 

,, punctata, Sow. . . . . . 

,, eiichaiis, d'Oib . . . . 

,. aj). ? (veiy layc^e) 

sp. ’(2)1 

Limca acuticosta. l>umoit, .... 
I'licatula s])inosa. ^ow ..... 
sp. ^ (la ice. and Inige spiiu's) . 
catiniis. Desl, , . . . . 

IMoiudih ina’quivahis, Sow. 

. . 

sp..'- . 

Iiioeciamus substiiatiis, INIimst. 

„ cinetus, Miinst. .... 

,, dubius, Sow. (maiu) . 

INIodiola subcancellata, Buvig, 

Macrodon rmckmanni, Ilicli. . . . . 

,, nndatus Walfonl . . , . 

Cuculhea Miin.stcii, Zict. . . . . 

Area, liasina, Horn. ...... 

,, interrupta, Moore . . . . . 

Nueula Hammeri, Dcf 

,, claviformis. Sow. . . . . 

Loda galathc'Q, d’Orb 

Tri^^ouia Lingonensis, Dumort ? . 

„ pulcliedla 

Astarte striato- sulcata, Rom, — A. amalthci, 
Qnenst, 

Astarte Voltzii, Goldf 

„ snbearinata, Mtinst 

,, subtetragoiia, Munst. , 




Beds 
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List op Fossn^s—continucd. 


i 


X.ime of Fo‘^'il 



Astarte Np. ? 

Carilita multicostata, riiil. 

Cardiiiia concinria, Sow. =::(’,philea, «r()ib 
Myoconcha decorata, . 

Protocardium truncatuiu, Sow. 

Liicina jniinila, Miinst. . . . . , 

,, Bfllona, d’Orb. 

Unicardiurn &llbglobo.^ulll, Tate 

Arcomya vetusta, Bean 

Goniomya sp. ? (many) 

Opis cui virostri?, 3Iooie . . . . 

Spiriforina lostrata, Seld, 

Tercbratiila punctata, Sow. 

,, \ar. Radfetocken>i-. 
Dav. 

Terebratula .vubpunctata, Dav. 

,, Edward.si, Dav. . 

,, Walfordi. D.av. 

.. curviconcha, Oppol 

? 

Waldlioimia re^upinata. Sow. . 

,, indcntata, Sow. . 

„ Lycctti, Dav. 

Rhynclionella tetrahedra, Sow. 

,. „ \ar Noitbampton 

cn.si.'i, Walker. 

Rliynchonella fodinalis, Tate . 

„ amaltbei, Quenst. 

.. Boucliaidi, Dav. 

Crustacean fragments .... 
Serpula tetragona, Dcisl 

„ <|uinfjuecristata, ^Miinst. 

Ditr^pa circinata, Tate .... 

,. etalensi.s, Piette 
Acrosalenia Banburiensis, Wright . 
Millerocrinus Hausmanni, Horn. 

Pentacrinus Jurcnsi.s, t)uenst. 

Diplocidaris Desori, Wright . 

Thecocyathu-s tuberculatus. Tomes . 
Nubecularia tibia, J. and P. . 

,, lucifugas .... 
Wood 



XoTJ'.s ON THE Ammonites. By Mik S. S. Buckman, F.G.S. 

Referring to the Transition-bed Ammonites Mr. Buckman says : — 
The specimens of Dactylioceias are very good. They show one thing 
cuntiLuousl}', namely, that it will not do to apply the term Commune 
zone to the zone aloie (he Falciferum zone, because, though no actual 
specimens of commune aio present, i.e., if one bo strict in regard to 
identification, yet there are certain iorms much too close. Your 
researches, therefore, liave settled thaii point, and another name must he 
given to what is now called the Commune zone. 
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Another point these Ammonites show, at least so it seems to me, i» 
that our Upper Lias species of J3actylioceras are migrants. Several of 
these species occurring at the bottom of the Upper Lias are so changed 
from what I imagine to bo their parent forms — Grenouillouxi and Pettos, 
d’Orb. — that E think such changes must have commenced at least beforo 
they came to us. 

For fossils to which the numbers refer see list. 

1. Transition-bed form between (Jommunis and Anrmlatus. 

2. Transition-bed form differs somewhat from that found in higher 
beds. 

3. Between Crassus and Desjilacei. 

4. Dactyliocerus between Crassns and Grenouillouxi. 

5. Hildoceras n. sp. (?), a form more or less of a passage between 
Levisoni and Serpentinuin ; some of the specimens may be H. Frautzi, 
Reynes. 

6. The specimens of Harpoceras Strangwaysi are very variable in 
ribbing, some very coarsely ribbed, others very finely ribbed. It is a 
matter of opinion whether they should be all classed under one name ; 
at any rate, there is no other name for them. 

7. Mostly young forms, narrow centred, otherwise very like H. 
simile. 

8. Harpoceras elegans, Sow., non Wright. Some forms between 
exaratum and elegans. 

9. Vary between simile and ly thense, wider centred than true lythense. 
Ribs not as coarse as in Blake\s figure. 

10. Very much like Uuinortier’s figure of A. lympharum, but the ribs 
appear a little less sigmoid. 


Summary or Orm'.rvations. 

M. The Ma liorh i>W. — This is the most important bed of the 

^Middle Lias in Nortliamjitonsliire, and throughout the country from an 
economical point of view. Its usual character in the area referred to in 
this report is that of a hard, calcareous, and ferruginous rock, varying in 
colour from a bluish-green, or grey, to a reddish-brown, according to the 
amount of Aveathoriug it has experienced. Where it comes near the 
surface, as at Arbnry and C.itcsby, it is somewhat fissile, and so of little 
value except for road mending. AVhere dug from a considerable depth 
it may bo obtained in large blocks suitable for building purposes, par- 
ticularly if care be exercised in placing it in the building as it exists in 
the bed. 

In no portion of the area investigated is it rich enough in iron to be 
used as an ore, though in the south-western portion of the county, at 
King's Sutton, it has been so used. Tiie calcareous matter in it is con- 
sidered an advantage, as the stone will flux itself. 

Between Catesby and Chipping Warden the bed gets very sandy, and 
this character is particularly noticeable near to By field. 

The thickness varies from 4 feet to 12 feet, the average being about 
5 or 6 feet. 

The dominant fossils are brachiopods. 

HhyncJumcUa tetraheJra occurs in masses, and Terchratida punctata 
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more rarely in the same manner. Bands composed of ossicles and frag- 
ments of shells sometimes extend for a considerable distance. The 
characteristic ammonite, A. spiaatnft^ is exceedingly rare. 

K, L. The Transition Beds. — These beds in Northamptonshire nsually 
consist of a rather thin band of grey friable marl passing upwards into a. 
red sandy clay, though the latter is not unfrcquently absent where the 
former may be distinctly identified. 

The marl, in its most typical form, appears to consist of a highly 
porous, calcareous matrix containing niimerons small rounded grains of 
the same composition, which latter may be plentiful enough to give it 
an oolitic character. It weathers reddish-brown on cx})osure. The 
lower portion sometimes passes into a hard compact limestone, but even 
then, apart from the fossils, it can usually be identified, thougli its exact 
junction with the rock bed may remain doubtful. 

The thickness, including the red sandy clay, seldom exceeds G inches, 
but at Milton they together measure a foot. 

The red sandi/ eJau does not, as a rule, contain fossils, but at Milton 
it contained a good many casts of belemnites and evidences of other 
fossils. 

The lower portion of the Transition beds may be described as a highly 
fossiliferous bed, both as regards individuals and species, though, as the 
fossils are mostly^ small, and require a good deal of patient scarcliing for, 
it would not always give a stranger to it that impression, and of course 
it is not equally fossiliferous everywhere. 

The most characteristic fossil is uru/as’, and it is doubtful if 

this species has been I'ound out oftliis particnlai’ zone, though some of the 
smaller specimens from beds above may bo very close to it. The sudden 
appearance of this ammonite in (fre-it minihers, and its equally sudden dis- 
appearance or change are matters of considerable interest that require 
further investigation. The other ammonites, of the genus Stephanoceras, 
are nearly equally abundant, bnt some of these come fully developed, and 
also occur in higher beds. 

The striking fossils here, however, are tlie gastcropods, as will be 
noticed by the list. 

Another noticeable feature of the Transition beds is the generally small 
size of the fossils (gastcropods excepted), and particularly of the braebio- 
pods and other survivors of the Middle Lias period. Small specimens of 
Ehynchcynella tetrahedra are probably more abundant than any other 
fossil. 

G, I. The Fish Bed. — The Fish bed proper is mostly a single band of 
argillaceous limestone or of flat limestone nodules, both of which split 
easily in a longitudinal direction after exposure to atmospheric influences 
for some time, and in doing so nearly al way s expose a number of fragment- 
ary fish remains. 

The nodules with us are never concretionary, and in all probability 
their particular condition has been brought about by water percolating 
through joints in the bed, because the upper surface is mostly more 
convex than the lower, and they all show the same horizontal stratification 
(compare description of Bngbrook section). 

The stone has characters which enable a geologist to readily identify 
it when in its normal condition. It is yellowish or quite white on the 
exterior, and bluish-grey, light-brown, or yellowish inside, according to 
the amount of weathering undergone. 
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The stone, which has got coloured light-brown throughout, nearly 
always shows a large number of parallel, nearly microscopic veins, extend- 
ing right across the stone* The veins look like, and probaby are, minute 
cracks filled in Avith crystallised carbonate of lime, and on the weathered 
surface of such stones these veins stand out in relief. The same character 
was observed in the Fish bed of Alderton, Gloucestershire. 

The above is a description of the bed as it occurs at Milton, Bugbrook, 
and some other parts of the county, but at Arbury Hill, Catesby, Byfield, 
Chipping Warden, Ac., it is quite difierent. At these places it is very 
irregular in composition and difficult to describe ; it weathers rather yellow 
than white, contains fewer fish remains and more ammonites. The Paper 
Shales have not been detected where there is an abundant ammonite fauna 
in the Fish bed, hence the suggestion that this is an attenuated zone re- 
presenting in time and in fossil contents more than one of the beds given 
in the genend section. Another reason may be found in the singular 
absence of ammonites of the genus Stephanoccras from the Fish beds of 
Milton and Bugbrook, although found above and below, and their great 
abundance in the Fish bed of Arbury Hill and Catesby, &c. 

The most distinctive fossils found in the Fish bed, besidcwS the fish 
remaiut^, arc the AplijrJii of Ammo'nUcs^ ccphalopods allied to the Loligo 
and Sepia, Cei ithium giatlaliuu Euoiiiphalus iiunutus, hioceramtis duhius 
and a (ioniomya. 

H, ,1. The Paper Shales are finely laminated shales having a very 
regular jind clean plane of division. WIkmi exposed to a dry atmosphere 
the thin layers often oxliibit a tendency to spontaneous separation from 
each other, and even curl up at the edges. 

The shales at any place are closely like the Fish bed at the same place 
ill colour, Ac., and there is no doubt that the Fish bed proper must only 
be regarded as a more indurated portion of tlie shales. This easily 
accounts for more than one hard layer at some places (cf. Milton). 

So far as we can judge, the fossils in the shales and Fish bed are 
identically tlie same, only that in the shales the ammonites are mostly 
crushed quite fiat. The crashing may jiorhaps ho accounted for by an 
abundance of organic matter in those beds, AA hich, as it decayed, per- 
mitted them to give way under the pressure of sediment above. Ammo- 
nites exarahis seems to have resisted compression better than the other 
ammonites. 

The sudden appearance and decline of fish is a matter deserving of 
attention. Not a fragment of any kind appears to have been found in 
the Marlstonc, and scarcely any in the beds just aboA C the Fish bed. 

The shales are better developed at JMiltoii and Bugbrook than else- 
where in the county. 

C, D. The Serpentinns Peels . — These beds form tlie upper portion only 
of what is usually called the ^ Serpentinus ’ zone ; the latter would include 
the Fish bed and shales. ^Lr. Buckman recommends that these beds be 
called the Falcifer beds and the zone the Falciferum zone, because, 
although many ammonites of the falcifer group occur, very few agree with 
the type of A. serpentinus itself; hence a more general term is desirable. 
This would agree with tlie Continental nomenclature. 

This sub-zone rests upon the Fish beds, and usually consists of a bed of 
calcareous clay, capped bynu argillaceous limestone containing some large 
ammonites of the ‘ Falcifer ’ group. 

K, F.- -This investigation has brought out the fact that there is a 
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distinct cephalopoda bed, or may be two beds, at the base of the clay, as 
well as at the top, in some places (Milton and Bngbrook). 

This bed had been previously noticed at Milton, but as the fossils 
found in it are, on the wnole, very similar to those found in what we have 
usually called the Lower Cephalopoda bed, it was thought to be that bed, 
and the usually intervening clay absent. This has been completely set at 
rest now by the finding of a full sequence of the beds at Bugbrook (see 
Bngbrook section). 

It is at present doubtful whether this bed should be classed as tho 
lowest of the ‘ Serpentinus’ beds or the highest of the Fish beds. There 
is much reason for the latter course, as it contains nmny flattened ammo- 
nites at Bugbrook like those in the Paper Shales, also Iptijchi at both 
Milton and Bugbrook, and tliese had never before been found out of tho 
Fish zone. We prefer at present to leave it as a doubtful, or transitional 
zone. 

D. — The day may be dark blue Avhen freshly exposed, but gets very 
light coloured on exposure, and when dry cracks into roughly cubical 
masses ; the freshly exposed surfaces are often quite purple. In some places 
it contains numerous little white concretions, as does also the Cephalopoda 
bed above. 

Thickness a few inches to t> feet. 

There are very few noticeable fossils in this clay, except just at the 
base, where the bed often gets shaly, or develops into a distinct hard 
bed (see sections at Milton and Bugbrook). 

A small group of new forms of Foraminifrra have been described by 
Dr. Rudolph Haeusler ^ from clays above the Fish bed at By field, collected 
by Mr. E. A. Walford, F .G.S — Ophthalmidinm Walfordi^ 0 . nuheculani- 
forme, Ac. An elaborate comparison is drawn between certain Jurassic 
Miliolidm of the Jura and those of the neighbourhood of Banbury, Oxon. 

C. Lower Cephalopoda Bed, -The ‘ Serpentinus * beds are capped by an 
argillaceous limestone containing some very largo specimens of Ammonites 
Strangivaysi and otliers of the falcifer group ; hence the term Cephalopoda 
bed. It varies from dark blue to light yellow colour, according to 
nearness to the surface; but even the light-coloured pieces exhibit a 
bluish or violet-coloured interior if sufficiently thick. It often appears 
water- worn. Thickne.ss about (> inches. 

The most characteristic fo.ssilsof this sub-zone appear to ho Ammo7iltcs 
subplanatus, Ambe^dya capitanea, Opis enrvirostris ? and Onnstm spinosns. 
All of them rather rare. 

A, B. Communis Beds. — These also consist of a clay capped by a 
Cephalopoda bed. 

B. The day is very irregular in compo.sition, varying much, apparently, 
in the amount of sand and calcareous matter. It generally contains a 
large number of small white concretions, as does also the bard bed above ; 
also small argillo-calcareous nodules, like larger ones found commonly in 
higher beds, appear in this for the first time in the Upper Lias. 

The clay is most easily identified by tho presence in it of largo 
numbers of small ammonites, chiefly A. communis and A. Holandrei, 
which are generally quite white. 

Average thickness about 8 feet. 

A. The Upper Cephalopoda bed, as the hard bed at the top is usually 

* ‘Bemerkun^en iibe r cinige liasische Milioliden/ \on IBidolph Haeu.sler, uV. 
Jahrhvckf. Mintraloyle, Ke , Bd. I. 1887. 
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called locally, is very variable in character, but almost always fissile. 
The description of this bed at Bugbrook gives a fair idea of the bed over 
the area embraced by this report. At Bugbrook it is very fossil iferous, 
Ammonites communis, A. Ilolandrei , and A. hifrons largely predominating. 
Singularly, in this bed the fossils seem to lie anyhow ; many of the 
specimens, particularly A. hifrons, stand quite upright in it, instead of 
lying on their sides as is usual. 

The most charactcTastic fossils of this sub-zone, besides those men- 
tioned abov^e, are HeJemnites sffhteuifis, and other long, slender forms ; 
^I'ror/ius (hfi>liratu‘i, T. Northa}}i})toiten.sis, aciiniinatus, d’Orb., 

Niicula chiviforniis, and Ammonites subc/trinatus. 

CONXLUSIONS. 

Mops. - - It may be noted here that over most of the area embraced by 
these investigations iliere is a capping of Upper Jjias, varying from a 
couple of feet to 10 or 12 feet, where the maps show only Marlstone. 

The hard bod^s near the base of tho Upper Lias seem to have protected 
the intervening day beds from denudation, and these latter have largely 
protected the Alarlstone rock bed itself, making it tlius a more valuable 
fctone than it would otherwise have been. 

Horizon of Fossils.-^-Tlxo fact noted above may account for the 
incorrect determination of tlio horizon of a number of fossils collected 
many years ago by iMiss Baker, now in the British Museum and other 
places. Wo would particularly call attention to the specimen of Lejtidotus 
(jigas, Agassiz, now in tho British ^luscum, which is, or was, labelled as 
irom the IMarlstone of Bugbrook. This certainly came from the Fish 
bed of that district, as did also another specimen now in tlie Northampton 
^[useum. 

Of the other fossils, cbiefiy ammonites, labelled as from the ^larlstone, 
there can he little doubt that they came from the inconstant hard bed 
just above the Paper Shales. It seems highly probable that all the beds 
from this Cephalopoda bed to the base of the rock bed, which constitute 
almost one continuous hard layer, were formerly regarded as Marlstone. 

CoiniKLAnoN OF riiF Bf:t'S. 

Roch Red. - There is probably no zone of tho Lins more distinctly 
marked, lithologically and pala*ontologically, than the IMarlstone rock 
bed. Bight across the country from Dorsetshire to Yorkshire it is 
scarcely ever absent, and it varies comparativel}’^ little. 

The correlation of the beds above the rock bed is not ipiitc so certain, 
luit wo would submit some evidences of the contemporaneity of the beds 
variously designated as below : - 

PJeurofomaria R>ed of Rorsefsliire (Day).^ 

Leptama Reds of Somersetshire and Olonresfershire (MoOKE). 

Transition Beds (f Northamptonshire (WalfOKP). 

Annntatns Zone of Yorl'sliire (Tate and Bl\kk). 

1. Tho situation of each of these beds is the same, viz., just above 
the rock bed of the Middle Ijias and below the Fish bed of tho Upper 
Lias. 

* Dr, Wri^rlit did not admit that the Pleurotomaria bed of Mr. Day was the 
equivalent of the Transition bed of the Midlands. — E. W. 
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2. With regcard to the Tlourutomaria, heJ, it is characterised by the 
mixtnre of Upper and iMiddle Lias fossils, the ammonites in particular 
being Upper Lias forms and nearly identical with those found in 
Northamptonshire ; also gasteropods are met with of many species. Ono 
of the lamellibranchs that Day particularly mentions as a rare form — 
SangulnoJarki retiista abundant at jMiltoii in the Transition bed, 
though not found elsewhere. 

3. The Le]}t((>na Clngs of Moore agree in position Avith our Transition 
bed, but evidently include also the sliales btdow the Fish bed, for i\[oore 
both speaks of the Loptmiia beds as extending from the Marlstone to the 
Fish bed at Dumbleton, and also refers ' to the llattene<l impressions of 
ammonites and their aptyehi, and fish remains in the upper portion. 

Not only does tlie description of the beds lead to the belief that they 
are the representatives of the Transition bed and part of the Paper Sliales, 
but we liaTC found between the typien.l localities of Ilminster and 
Dumbleton, viz., at Stinchcombe Hill, in ( Iloucestorshire, a red sandy clay 
jnst above the rock bed with Ainmo)utes aoUns' in it. 

4. The Annti/atiis Zone of Yorh^lilro, of Tate and Blake, is so clearly a 
Transition zone from the Middle to the U()per Lias that the contem- 
poraneity of this with the Transition bed of Northamptonshire need 
scarcely be insisted upon. It would appear that whilst there was a 
period of rest, or actual deinnlaliori of pi-evioiisly deposited matter, at 
the termination of the ^[iddle Lias era in some parts of the Midland and 
South-western counties, in Yorkshire from tlie first, and some few other 
places after a time, a deposit was taking place. 


Fish and Saurian Zone (MooRe)- 

Fish Fed and Paper Shales, or Fish beds. 

Paper Shales with Fish and Insi'H Limestones — ‘ Diunhleton ^ 
Series (JrDD), 

‘ Animal ’ Bagger and Jei-rock Series (Tate and Blake). 

Here, again, Ave have a set of beds differently named, but which can bo 
distinctly recognised as the same, extending over an area from Somerset- 
shire to Yorkshire, and very seldom entirely absent. 

(1) It is exceedingly probable that the lower part of tlie Upper Lias 
limestone on the soutli coast is the representative of the Fish bed, for, 
according to Mr. Day’s description, it contains Ammonites serpentimis in 
abundance, and does not differ more from the typical form than does the 
same bed only a few miles apart in Northamptonshire (compare Bug- 
brook and Catesby). The list of fossils given from the upper part is 
consistent with this view. 

(2) The Fish and Saurian Zone is certainly the same as the Fi.sh bed 
and Paper Shales of Northamptonshire, and this investigation shows that 
it would be a not inappropriate name. 

(3) Fish and Insect Beds would not be quite so suitable a description, 
as insects seem to be very local. 

(4) ^Dumbleton' Series does not seem a suitable term, considering 

* T/ie Middle and Tipper Lias of the South-West of England, hy Charles ^loore, 
F.G.S., pp. 7 and 66, 67. 

* Mr. Charles Moore expressed doubt as to the Fish bed of S.W. Northamptonsbiro, 
described by Mr. Walford, being the equivalent of that of Somerset and Gloucester. 
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that the beds have such a great lateral development, and can be appro- 
priately named otherwise. 

(5) ^ Animal' Dor)(ier and Jet-roch Series. — There can be little doubt 
from Messrs. Tate and Blake’s description of these beds that they are the 
equivalents of the beds described in this paper as the Fish bed and 
Paper Shales. The points of similarity are these ; — 

(a) The horizon is the same, viz., just above the ‘ Anniilatus ’ beds. 

(h) Large numbers of fishes and reptiles occur, including of the former 
Leptolepis^ Lrpidol ibSj and J^arJiiirornius. 

(c) Aptijclii of ammimiles are a peculiar feature of the series, being 
found in no otlier member of the Yorkshire Lias. 

(d) Ceplialopods allied to the LoUgo or the Sepia are only developed 
here. 

(e) The ammonites are similar, and rompres.<n',d specimens of A. com- 
planatus and A. serpentvnus occur over all the beds. 

(/) EiiumpJinhis niinulus and Tnoceram us diihius are common, the latter 
being the most characteristic fossil. 

{(f) Wood is abundant. 

We cannot with certainty cany the correlation further, but probably 
more complete investigations would show a similar correspondence until 
the sands of the South-\v(vstern counties began to form. It may be that 
the ‘ Cheese * dogger at Saltwick ^lab in Yorkshire represents one of our 
Cephalopoda beds. 

The Committee desire to express their thanks to the British Associa- 
tion for giving them the opportunity of investigating a set of beds of 
great interest locally, and they hope of some interest to geologists 
generally. 


Report of the Committee^ connistinf/ of Mr. J. W. Davis {Chair- 
man\ Eev. E. Jones {Secretary^ Drs. J. Evans and J. G. 
Garson and Messrs. W. Pkngelly, E. H. Tiddeman, and J. J. 
Wilkinson to complete the invest u/at ion of the Cave at Elboltoiiy 
near Shipkai, in order to ascertain whether Remains of Paleo- 
lithic jMan occur in the Lower Cave Earth. 

The Elbolton Cave Exploration was continued under the direction of 
your Committee until the end of December 1890. The entrance to the 
cave is through a shaft or pot-hole 20 feet in depth situated at the 
foot of a small limestone scar on Elbolton 1,000 feet above sea-leveL 
The chamber, before the exploration commenced, was 30 feet long, and 
varied from 7 to 13 feet in width. The floor was fairly level, with the 
exception of a heap of stones under the entrance. On the surface 
nothing was observed but a few sheep bones of recent origin. The 
upper stratum, which varied in thickness from 4 feet at the east to 
17 feet at the west end of the chamber, is the only one wherein human 
remains have yet been found. It consisted of loose angular fragments of 
limestone interspersed with largo quantiticis of bones of Bos longifronsy. 
the horse, the boar, dog, red deer, sheep, &c. The bones of the larger 
animals wevo split and broken, and were evidently used as food. Burnt 
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bones and cliarcoal were foand in three places. Three human skeletons 
were discovered buried 5 feet below the floor level, with the legs bent and 
the knees draAvn up close to the skull. The other human bones were 
more or less scattered. JMost of the .skulls were shattered, though two, 
obtained from the cast end, are fairly preserved, and are dolichocephalic, 
the index of one being 7o 4. Two skeletons in very bad condition were 
also found at the other end of the chamber at a much lower level, 13 and 
15 feet respectively below the floor (one lying but a few inches above the 
clay containing bones of the bear and reindeer). The latter specimens 
are more decaj^ed than the others, ami could not be measured. Associated 
with them was pottery of ditlerent character tg that which was found in 
the other parts of the cave. It is thicker, ruder, and ornamented with 
triangular-fehaped characters made with an angular tool. The pottery 
found near the other specimens at tlie higher level was marked with 
straight lines, which in some cases (uit one another and form a diamond- 
shaped ornamentation, in others the lines go in and out without intersect- 
ing, and form a ‘ herring-bone ’ pattern ; others had impressions made by 
some rounded bone tool. Both kinds of pottery were made from clay 
similar to that found in the cave, and both kinds were hand- fashioned 
without wheel, and charred and burned from the inside. No Hints or metal 
of any kind have been found in tlie cave. The only objects obtained have 
been bone pins and a few other worked bones. 

Nearly all of the upper stratum containing human remains had been 
cleared away before August 1890, and the next layer had been worked 
for some distance, especially in the second shaft at the west end of the 
chamber. So far this lower stratum was composed of stiff clay, with 
angular fragments of limestone and at times a thin bed of stalagmite. 
No human remains or any of the animals associated with them have 
been found. These are replaced mainly by bears, botli Ursus ferox and 
Ursus arctos, and great numbers of Alpine hares and fo.xes. The bones 
in this layer show no evidence of liaving been gnawed by other animals ; 
they either perished in the lissun? or tlnur hones were washed down 
through pot'lioles into the cave. The bones from the lower layer are 
darker, much harder, and lc>s porous than those from the upper one. 

After the meeting of the Association at Leeds the efforts of your 
Committee were first directed to the careful examination of the lower 
clay bed in the centre of the chamber. A pot-hole, about 10 feet deep 
and 3 in width, was cleared out. Tiiis contained a few of the limb 
bones of a bear. A great part of the rock floor at the foot of the first 
ladder was blasted. It consisted apparently of a quantit}' of rock fallen 
from the roof and cemented by .stalagmite. We were hopeful that 
underneath it we should find an old deposit. So far, however, it is 
solid. Further west the excavation was continued, the ditiiculty of 
working in the soft adhesive clay increasing. Thf3 percentage of bones 
was small, and in the next 0 feet not a single bone was found. The 
-cave has now developed into a deep fivssurc, and is from 4 to G feet in 
width at a depth of about 45 feet from the original level of the cave 
floor. The attention of your Committee was next directed to find any 
possible entrance to the cave in addition to the present one : the floor 
was tested along the sides of the cave east of the first ladder, but the 
miners report that there the ground was all solid rock. 

Bebweon the barren clay section and the second ladder there is a 
xjuantity of unexplored material. Huge blocks of fallen rock are wedged 
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in the fissure, and it was found unsafe to remove them as they underpin 
an immense overhanging side of the cave 60 feet in height. The second 
ladder was then descended, and a level driven beneath the fallen blocks 
at a depth of 45 feet measured from the first floor. For the first 6 feet 
this level was as ossiferous as any of the material yet examined, and of 
similar character, containing bones of the bear and hare. Beneath was a 
barren clay, followed by beds of sharp quartz sand, until the level is barred 
by solid rock. In the descent two or three stalagmitic floors were pierced, 
but the material continued the same above and below the stalagmite. 
The new chambers that were opened last 3 ’ear arc extensions of this 
fissure. The miners have put a steel rod 8 fce.t lower than present level, 
forcing it through another stalagmitic floor. While the east part of this 
level is sand, containing no bones, the western part and the passage up to 
the new chamber is a brecciated mass of bones and stalagmite. 

At the further extremity of the new chambers, and about 60 yards 
from foot of second ladder, there was a deep pool into which the roof 
dipped. In the floor of the passage leading to the pool a hole 8 feet deep 
was dug. The material was comminuted limestone. Here also bones of 
young bears were found. They had evidently been washed down from 
the first chamber. By means of this excavation the pond was lowered 4 
or 5 feet. A ladder was placed across it, and an entrance effected into a 
further passage leading to a large natural chamber. 

So far the cave has been interesting. AYhat may be entombed in the 
unexplored depths of the fissure is a matter of pure conjecture. Whether 
a repetition of the finds in tlio fissure at Hay Gill, and in the lower cave 
earth of the Victoria Cave, with the addition of palaeolithic mau, must bo 
left for future exploration to determine. 

Your Committee request reappointment, and that a grant of 25L may 
bo made to assist in the further exploration of the cave. 


Report of the Conmuttee, consisting of Dr. John Evans (^Chairman) 
Mr. il. IIakrisox {Secretary)^ and Professors J. Prestwich and 
H. G. kSi-roley, apj)olntc(L to carry on excavations at Oldbury 
Hill, near IglUJntvi, In order to ascertain the existence or other^ 
wise of Rock-shelters at this spot. Draivn vpj by Mr. E. Har- 
rison. 

Owing to hindrances, the work could not be begun until August, 1890. 
Tlie first excavation, immediately below the exposed rocks, was unpro- 
ductive in a great measure. This was owing to huge trees being closo 
by, the roots of which, forming a perfect network, offered serious obstacles, 
as, though permiss'ou had been granted bj^ the owner to excavate, yet 
damage to the trees was strictly forbidden. 

A section was first cut parallel with the face of the rock, but no true 
floor was reached, the rock itself being too near the surface, and forming 
merely a shoulder under the surface soil. 

Many days at this being unsuccessful, auotber excavation was made 
on the slope of the hill just below, and a considerable area was trenched 
to a depth of about 3 feel. 

1891. A A 
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Here, however, onl^ N’colitliic flakes were found ; and great blocks, 
fallen from above, and deeply imbedded in tbe soil, presented obstacles 
not easy to surmount. 

Later on work was commenced lower down still, at a spot where, in 
cultivating tbe ground in former years, relics of Paleolithic age had been 
found. 

Two implements were secured, but the rocky conditions tried my 
labourers’ strength ; and to do the work thoroughly horse-power was 
needed, the blocks in many instances weighing more than half a ton. 

A good large area, however, was here trenched to a depth varying 
from 3 to 5 feet. 

The slope of the bold projecting spur below Mount Pleasant, lying 
about fifty yards south-east of the former digging, was next tried, and 
here success crowned our efforts, for very soon immense numbers of flakes 
were met with, and in such profusion that I was prompted to carry on the 
work thoroughly. 

Leave was asked for and granted for an area of some 0 or 10 rods to 
be worked over, and ere long finely fashioned characteristic Pala3olithio 
implements wxre found daily, as well as flakes, some of these so minute 
that it seemed as if the place of the actual workshop had been lighted 

on. 

Altogether 40 well-finished implements, or poi’tions of them, and 
648 waste flakes, have been found at this spot, leading to the supposition 
either that this was the frontage of a rock-shelter, or that the material 
had slipped down from above. We thiuk that it would be liighly desir- 
able to make further excavations in this and the adjacent area. 

The greater portion of the-,e flake.s were found at de])ths varying from 
2^ to 3 feet ; and, as a riih', they lay at the base of, or immediately 
overlying a gravelly wash. The implements are very similar to some of 
those found in the rock-sheltors of central France. 

Similar conditions to those of this spur appear on the north-west side 
of Oldbury Hill, near to an outcrop of rock ; and at various times imple- 
ments have been found near it. 

Leave has been granted for work to be carried on here. 


Fourth Report of the Comynittee^ consisting of Professor P'lower 
(Chairman), Mr. J3. Morris (Secretary), Mr. Carruthers, Hr. 
ScLATKR, ]Mr. TmsEi.TON-HyEn, Dr. Sharp, Mr. F. DuCane G-od- 
MAN, Professor New^ton, Dr. Gunther, and Colonel Feilden, 
appointed for the purpose of reporting on the present state of 
our knovdedge of the Zoology and Botany of the West India 
Islands, and taking steps to Investigate ascertained deficiencies 
in the Fauna and Flora. 

This Committee was appointed in 1887, and it has been reappointed each 
year until the present time. 

During the past year IMr. F. DuCane Godman, F.R.S,, has continued 
to employ a collector in the island of St. Vincent, and owing to the valu- 
able assistance thus afforded to the Committee it has been possible to 
complete the exploration of this island. The collections in zoology are 
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very extensive, and those in botany extend to the whole of the phanero- 
gams and the vascular cryptogams. No expense has been incurred by 
the Committee in regard to any of these collections iti St. Vincent. 

The services of Mr. E,. V. Sherring, F.L.S., were accepted, as men- 
tioned in the last report, to make botanical collections in the island of 
Grenada. He left this country in October last and returned after seven 
months’ absence in June last. Mr. Sherring has forwarded to this 
conntry large collections, consisting for the most part of vascular crypto- 
gams, and these are now in course of being determined at Kew. A 
detailed report on the various collections in zoology and botany received 
during the past year is given below. 

At the present time Mr. Herbert H. Smith, the collector employed by 
Mr. Godman, is making collections in zoology in the island of Grenada. 
This is the most southerly of the chain of islands intended to be explored 
by the Committee. When this island is completed the Committee will 
have been engaged in investigating the fauna and flora of most of the 
islands in the Lesser Antilles lying between Martinique and Trinidad. 
The islands in which collections have so far been made consist of Domi- 
nica, St. Lucia, Barbados, St. Vincent, the Grenadines, and Grenada. 

ZOOLOOT. 

Since the last report collections have continued to be received from 
St. Vincent by Mr. Godman. The work of sorting and arranging these 
collections has been begun. The arthropods are already completed, and 
the larger part of the insects is mounted and prepared for despatch to the 
specialists who have been engaged to work them out. 

For this purpose the Committee have been so fortunatcas to obtain tho 
assistance of tbe following naturalists: Herr Hofrath Brunner v. Wat- 
tenwyl for tlie Orthoptora ; Professor Hilcy for the Rhynchota ; Mr. 
Howard for the parasitic Hynicnoptera ; Professor S. W. Williston for the 
Diptera ; Professor Aug. Forel for tbe Ants; Lord Walsingbam for 
Lepidoptera, part ; F. D. Godman and O. Salvin for Lepidoptera, part ; D. 
Sharp for Coleoptera ; M. Simon for Spiders generally ; and G. W. Peck- 
ham for Attida). Tdio Committee have niidortaken to procure publication 
of the memoirs that may be received from these savants. 

A small collection of specimens made by Dr. H. A. Alford Nicholls, 
P.L.S., local secretary to the Committee in the island of Dominica, was 
received in IVIay last. This consisted of nine mammals, one lizard, one 
snake, five fishes, one Asc(tlaj>hus, twelve Longicornia, two Passalidea, and 
five Lamellicornia. Besides the.se Dr. Nicholls sent from the island of 
Tobago four of the peculiar nests of the yellow-tailed bird of that island 
(Gassicus cristatus). These birds usually build their nests depending from 
isolated branches of the silk-cotton tree {Eriodmdron anfractuosum)^ and 
they look like huge fruits waving in the wind. 

A small collection of Lepidoptera was received in November last from 
Captain Hellard, R.E., local secretary to the Committee in the island 
of St. Lucia. Tho mounted specimens in this collection arrived in bad 
order owing to tlio pieces of camphor getting loose in tho boxes and 
breaking tlio greater part of them, including almost tho whole of the 
Sjphingidoo. 

Mr. John C. Wells, who has devoted attention to the ornithology of 
Grenada, has kindly consented to act as a local secretary for that island. 

A A 2 
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Botany. 

Of the botanical collections received from St. Vincent the vascular 
cryptogams have been determined by Mr. J. G. Baker, F.R.S., and an 
account of them, with two plates, printed in the ‘Annals of Botany,* 
vol. V. (April, 1891), pp. 163-172. Amongst the ferns the most striking 
novelty is a new species of Asplenmm, named A. Godmani, Baker (pi. xi.), 
found in damp forests at the extreme top of Morne a Garou. Other new 
species are Hymenopliyllum vincentmum^ Baker (pi. x.), and Acrosiichtim 
(JSlaphoglossum) S^nith it, Baker. The total number of vascular cryptogams 
found recently in St. Vincent amounts to 108 species. Most of these are 
widely spread through tropical America and only four are endemic. In 
addition to the above a new species of IIepatica\ also from St. Vincent 
(Kaniia vinceniina, C. H. Wright), was described in the ‘Journal of 
Botany,* vol. xxix. (April, 1891), p. 107. 

Of the phanerogams troin St. Vincent and some of the Grenadines 
the work of determining these is being carried on as expeditiously as 
circumstances permit. The collection is a very large one, and the results 
so far attained are contained in the following memorandum prepared by- 
Mr. R. A. Rolfe : — 

The flowering plants have been determined as far as the end of 
Rutacea?. Those from St, Vincent number slightly over a hundred 
species, of w-hich about thirty, consisting for the most part of common 
West Indian plants, were not previously recorded from the island. The 
most interesting plant is a species of Tngyueia (apparently now), a small 
tropical American genus of Anonacca? not hitherto detected in the West 
Indies. A Clusia and a species of Tetrapterys, which cannot be identified, 
may also prove new. The remainder have been fully determined. The 
three most interesting of these are Nor antra Jnsskni, Tr. and PL, pre- 
viously known only from Guadaloupc and Dominica; Zantlioxylon micro- 
carpum, Gri.seb., from Dominica and Trinidad; and Z. spinosumy Sw., 
from Dominica, Jamaica, and Cuba. The composition of the flora of 
the Lesser Grenadines, situated between St. Vincent and Grenada, was 
previously almost unknown. The plants hitherto determined are as 
follows: — From the island of Bequia, 31 species; from Mustique, 18; 
from Canouau, 5 ; and from Union, the nearest to Grenada, 5. They are 
witliout exception common "West Indian plants, and are all also natives 
of St. Vincent. From the results hitherto obtained it seems clear that 
the flora of the Lesser Antilles is tolerably uniform throughout, although 
the larger islands of Dominica, Martinique, St. Lucia, and jiossibly 
St. Vincent, appear to have each a very small endemic element. 

The collections made by Mr. Sherring at Grenada consist of nearly 
6,000 specimens of vascular cryptogams and about 1,000 specimens of 
phanerogams. The number of species of ferns is about 140, and of these 
two are new', viz., Alsopkila EUiottii, Baker, and Acrostickum Sherringii, 
Baker. The phanerogams have not yet been worked cut. Sixty species 
of ferns were previously known from Grenada from collections made by 
Mr. G. R. Murray, F.L.S., and Mr. W. R. Elliott. Mr. Sherring has 
increased this number to 140. The species of greatest interest, other 
than those known to bo new, are Aspjlenium Godmani, Baker, recently 
found in St. Vincent; Polypodium Harttif Jenman, first described in 
1886 and known only in the mountains of Jamaica and Dominica ; and 



THE ZOOLOGY AND BOTANY OF THE WEST INDIA ISLANDS. 357 

Acrosticlium Aubertvi, widely spread in continental America, but new to 
the West Indies. Other interesting plants collected by Mr. Sherring are 
Schizcca Jliiminensis, Miers, new to the West Indies, but believed to bo 
only a shade variety of S. dichotoma^ and Danma pohjinorphay Lepricur, a 
critical form of which but little is known. 

An account of vascular cryptogams collected at Grenada is in course 
of being prepared for the ‘ Annals of Botany.’ 

Mr. Sherring has prepared an interesting report on the flora of 
Grenada, and this, with a valuable series of photographs, to bo shown at 
the Cardiff meeting of the British Association, will prove of great interest 
to students of West Indian botany. 

A collection of plants was received from Dr. Nicholls at the same 
time as the specimens in zoology already noticed. These consisted of fifty- 
six species of \ ascular cryptogams -all of them were, however, well-known 
West Indian plants -and a small number (l7o numbers) of phanerogams. 
The latter have not yet been determined. 

The Committee recommend their reappointment, with the following 
members : Dr. Sclatcr, Mr. Carruthers, Professor Newton, Mr. Godman, 
Dr. Gunther, and Dr. Sharp. The Committee also recommend that the 
grant of lOOZ. placed at their disposal, but not expended during the 
current year, be renewed. 


Draft of Report of the Committee, consisting of Professor Flowbh 
{Ghairinan\ JNIr. D, Shaud {Secretary),, Dr. Blanfohd, Dr. 
Hickson, Professor Newton, Professor Hiley, i\Ir. O. Salvin, 
and Dr. Sclateu, appointed to report on the pjvesent state of 
our knoivledge of the Zoology of the Saridtoich Islands,, and to 
take steps to investigate ascertained deficiencies in the Fauna. 

The Committee beg leave to state that the zoology of the Sandwich 
Islands has been only partially investigated. A very incomplete col- 
lection of insects was made there some years since by the Rev. T. Black- 
burn, and described by himself and others, showing that important results 
tis to the origin, or origins, of the fauna of the archipelago may be ex- 
pected from the study of this group. The land shells of the islands are 
very numerous, and aro supposed to be fairly well known through the 
efforts of the Rev. J. T. Gulick and Mr. Pease; but it is the opinion of 
many zoologists that additional information as to the distribution of the 
mollusca in these islands would be very valuable. The birds have 
•been within the last few years the main object of a visit made to the 
islands by Mr. Scott Wilson, who passed about eighteen months upon the 
islands without being able to complete a thorough investigation of their 
ornithology. Some departments of the zoology have not been investi- 
gated in any way, and there is strong evidence that the fauna is rapidly 
disappearing. 

Under these circumstances the Committee liave been desirous of send- 
ing a competent zoological collector to the islands ; but the grant made 
by the Association being insufficient for that purpose the Committee 
decided to communicate with the Hawaiian Government to learn whether 
it would in any way assist in the research. A very favourable answer 
to the application of the Committee was made by the Foreign Minister of 
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his Majesty the late Kin^ of the Hawaiian Islands, stating his belief 
that additional funds would be forthcoming if a circular were drawn up 
explaining the objects of the Committee, and he offered to make such a 
circular known to those inhabitants who would be likely to co-operate, 
provided that a portion of the collections obtained should be ultimately 
placed in the Museum at Honolulu. As the rules of the British Associa- 
tion prohibit, however, this committee from issuing such a circular with- 
out the sanction of the General Committee, all operations have had to be 
stayed, and the grant of lOOZ. made to the Committee has not been drawn. 

Meanwhile a committee has been appointed by the Royal Society, 
and 200Z. from the Government grant placed at its disposal, for the same 
purpose as this committee, power being given to the former to act in 
concert with the latter, as was done with much advantage in the case of 
the West Indian Exploration Committee. 

The Committee respectfully beg leave to recommend their reappoint- 
ment, with power to act in concert with the committee appointed by the 
Royal Society, and to avail themselvesof the helpproffered by the Hawaiian 
Government on the terms above mentioned ; and as tbe estimated cost of 
employing a proper zoological collector in tbe islands for about two 
years will amount to not less than GOOZ., your committee solicit a grant 
of 200Z. 


Fifth RepoH of the Committee^ co)isistin<j of Professor FostBR, 
Professor Bayley Balfour, Mr. Thiseltox-Dyer, Dr. Trimen, 
Professor Marshall Ward, iMr. Carruthers, Professor Hartog, 
Mr. Walter Gardiner, and Professor Bower {^ecretary)^ 
appointed for the purpose of talciny steps for the establish- 
ment of a Botanical Laboratory at Feradeniya^ Ceylon. 

The Committee desire first to acknowledge the continued co-operation of 
the Government of Ceylon, and of the Director of the Royal Gardens at 
-Peradeniya, in giving facilities for study in the Royal Garden, and in 
assigning a room in the official Bungalow for use as a laboratory. 

During tbe greater part of the year this room has been occupied by 
Mb*. J, Bretland Farmer, of Magdalen College, Oxford, and at the date of 
writing the report ho has not yet returned ; it would therefore be prema- 
ture as yet to ask him for a detailed account of his work. It may, 
however, be stated that Ids attention has been specially devoted to the 
study of tbe Bryophyta, and that a thorough investigation of these plants 
in a tropical country such as Ceylon may bo expected to yield most 
valuable results. 

The grant of 50Z. voted at the last meeting has been for the most 
part expended on apparatus, which will remain permanently in the 
laboratory, the most important items being a photographic camera, a 
balance specially constructed for a tropical climate, and a dissecting 
microscope by Zeiss. 

The Committee hope before the next meeting to receive a detailed 
report from Mr. Farmer, and also a list of apparatus now in the laboratory 
from Dr. Triraen. In the meanwhile, having fnll confidence in the value- 
of the results obtained, the Committee request that they be reappointed, 
but do not at present ask for any further grant of money. 
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Fourth Report of the Committee^ consisting of Mr. A. W. Wills 
( Chairman), Mr. E. W. Badger, Mr. Gr. Claridge Dkuce, and 
Professor Hillhouse, /or the purpose of collecting information 
as to the Disappearance of Native Plants fro^n their Local 
Habitats, Drawn up by Professor Hilliioijse, Secretary, 

For tho present report the Committee solicited details as to Wales, the 
border counties from Shropshire southwards, and the south-western 
counties of England. As no returns have been received from Welsh 
correspondents, and of the border counties only Shropshire is represented, 
the report must be considered as applying to the last-named county and 
the south-western counties of England. Some details as to South Wales 
will be found in the report for 1890. In drawing up tho list the Com- 
mittee have followed the same rules as in previous years, tho numbering 
and nomenclature throughout being that of the ‘ London Catalogue,* 
ed. 8, corrected reprint for 1890. 

Lists have been received from ten personal correspondents whose 
initials are appended, in addition to which tho Bath branch of the 
Selborne Society appointed a Committee to provide returns as to the 
Bath district. The Committee feel compelled to refer to tho admirable 
work of this young but strong and active Society in promoting the object 
which the Committee have in view, work which, of its kind, is beyond 
praise. 

As will be seen, the diminution of our native ferns again plays an 
important part in tho list, and the ‘ collector ’ and ‘ dealer ’ figure 
largely. It is a matter of common and everyday knowledge that ferns 
have (with the exception of the bracken) disappeared from the local 
floras of our large towns ; but the ravages of the dealer are carried on so 
systematically, and with the aid of all the resources that money places at 
his disposal, that the most out-of-the-way places can be stripped quite as 
completely as those near at hand. All the Devonshire correspondents 
bear common witness to the results of his de})redations in that ideal home 
of the fern. 

One of our correspondents, reporting upon the area of the Bristol 
Coal-fields, writes : 

Before coming to the few instances of partial or complete extinction upon 
which I am reporting, I should like to say that my experience as a field-bo tauist, 
familiar with most of the species native in the South and West of England, has 
led me to receive with caution and distrust reported disappearances of rare plants 
from their habitats in this part of the country. On investigation it has almost 
invariably turned out that such reported extinctious were not well founded, and 
had frequently been made by persons imperfectly acquainted either with the plants 
themselves or with the locaiitie.s where they grow. Not long since a letter was 
published in the London ‘ Standard ’ which condemned the ^ wantonuess of 
Dotanists,’ in that they had compassed the destruction of the Euphorbia pilosa 
near Batli, and the Cheddar I’ink. My knowledge of both convinced me that the 
writer had entirely missed the station for the former plant, and that he could not 
have visited Cheddar when 1). cevsius was in hloom. Some other supposed extinc- 
tions Iiave proved to rest on the apparent disappearance of species (particularly 
annuals) in an unfavourable season, or succession of seasons. But these plants have 
been found to reappear when tlie depressing climatal influence has been withdrawn. 
As examples may be mentioned Cicuta virom and Ehyncospora fusca, ancient 
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inhabitants of the peat-moors on the southern limit of this district. Both these 
plantwS continue to be observed at intervals of a few years; but so uncertain are 
they in appearance that I have never yet known anyone to go specially in search 
of them and he successful in his quest. But it would be an error to consider 
either to be in danger of extinction. A circumstance occurred only last week that 
strongly conlinns 1113^ contention. About twelve 3’ears ago I found a large patch 
of Cramhe mantnua on the Dorsetshire coast. A j'c'ar or two later tlie plant had 
entirely’ disappeared, and no trace of it could lie found on several siibst'qiient visits, 
the last two > ears ago. But on Wednesday la.«>t I was greatly pleased to see at 
least twenty five specimens growing upon the exact spot whence it had been 
absent for nine or ten years. Here, with some show of reason and yet in error, 
might have been reported a case of extinction of a rare species. 

One of the best known of western botanists places bis finger upon 
what the Committee cannot help feeling to be a .source of danger to 
plants in tlie following extracts from his letter: In early life— that is, 

before 1841 — I botanised over the neighbonrhood of , and nnfortu- 

nately, with the late of , drew up a list of the plants in that 

district, since which many ferns have disappeared from the localities that 

we gave, and I fear that ’s habit of giving them will load to the 

extirpation of many other plants ; ’ and another correspondent (Devon- 
shire), dealing with the same point, instances Leighton’s * Flora of 
Shropshire ’ as one ‘ by the aid of which a child might walk straight up 
to any' plant in the county.’ It is a matter, no doubt, of very grave 
difficulty to determine to what extent it is desirable in a local flora to bo 
precise in the description of localities, and the Committee do not feel 
that they' are either competent or called upon to suggest laws upon the 
subject. Tliey do not see, however, that exactitude in defining locations 
serves any really good purpo.se, and it certainly takes away somewhat 
from the zest of a search, and remove.s an incentive to patient perse- 
verance. Two correspondents illustrate the opposite method to that 
complained of, inasmuch as one will not state a locality from which 
Osmii^iida rcgalis is disappearing, lest thereby be should spread the know- 
ledge of its continued existence therein: and another writes : A few 
days ago a very interesting discovery was made by a member of my 
family, viz. a large patch of Maiant]ifi)nnm. cnnvallaria (L. C., 1394) in a 
wild, out-of-the-world district; but sncli a dread I have of marauders 
that even in my communication with Kew I have not gone beyond 
naming the county in which the “ find ” occurred.’ 

More than one correspondent draws attention to the mischief very 
often done by field clubs, not merely in the reckless and often extensive 
removal of rare plants daring their periodical forays, but that in the 
‘Transactions,’ in the local press, and jirivately', the exact ‘finds’ and 
localities are indicated, so that further destruction becomes inevitable. 
So long as field clubs themselves are such hardened sinners in this respect, 
as many' of them appear to be, it seems useless to invoke their assistance 
in their respective localities for the purpo.se of urging upon the public 
generally, and landowners particularly', the desirability of affording some 
protection to the rarer of their local plants in their struggle for existence, 
and of endeavouring rigidly to repres.s the loafers who gather the fern- 
roots and hawk them for sale. 

The attention of the Committee is agiiin drawn to the unsatisfactory 
condition of the law of trespass, and the consequent difficulty under which 
magistrates lie when called upon to act in the interests of wild plants. 

While the Committee feel that the time is not yet ripe for even 
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taking- into consideration the desirability of making any general appeal for 
Governnjent protection, they are strongly of opinion that, in one case, at 
least, of special interest alike to South Wales and South-West England, 
such an appeal is urgently needed, and would probably be successful, in 
favopr, namely, of Pfroiua cnralUna^ Refz (L. C., 47), threatened with 
extinction from its solo British habitat, the Steep Holmes. In this case 
the Committee think that there is a special reason for an appeal to 
Government, since they understand that the recent acquisition of the island 
as Government property, and the conseejuent removal of the regulations 
enforced by the previous proprietor, are the direct cause of the approach- 
ing extermination. 


40, 41. JIeUehor7is‘ ririiUs^ L., and H. fo tidus, L. ISTearly extinct in 
their stations near Bath, through the raids of dealers (S. S. B.). 

43. Aqidlfffia vulgaris, L. Formerly plentiful in a field near Melks- 
ham, Wilts; disappeared through change of culture (B. S.). 

47, Pa‘07iia coralVuta, Betz. Steep Holmes ; threatened with extinc- 
tion from this, its only British habitat. 

200. Silene mttatis, L. Disappeared from its station at Hawkstone, 
Shropshire ; probably being destroyed by rabbits (W. E. B.). 

200. Lychnis Gitliago, Lani. Diminishing near Plymouth, from 
improved tillage (D. D. D.). 

351. Trifolium Porconi, Savi. ‘The only British habitat of this plant 
is in Cornwall, at the Lizard, where it has become extremely scarce 
through the ravages of a local guide and dealer, who collects and sells 
the Lizard plants to all who apply for them. A wealthy lady member of 
the exchange <duhs pays this man freely, and is responsible for much 
mischief’ (J. W. W.). 

495. Potvniilhi Comarum, Nestl. Banks of Tamar, near Plymouth; 
probably uprooted by steamboat trippers (D. D. D.). 

612. Eryngiu)!} an^ipestre, L. Nearly extinct in its station near Ply- 
mouth, where found by Hay iu 1662, owing to the greater public use of 
its site (D. D. D.). 

1003. Lithospcriuum pur}mreo-c<vralenm, L. Nearly extinct on the 
sea-coast near Torquay (T. H. A.-H.). 

1018. Atro 2 )(r Pelhulonu'j^ B. Near Box, Wilts ; destroyed by a clergy- 
man (R. C. A. P,). Near Plymouth ; destroyed by excavations for a fort 

(D.D. I).). 

1020. ITyoscyainns niger, L. Near Plymouth; disappearing from un- 
known causes ; attempts to grow it for commerce have failed ( D. D. D.). 
Wroxeter, Shropshire ; ‘ when the excavations on the site of Uriconinm 
began in 1858 or 1850, a very abundant crop of this plant appeared for 
several years, but it has dwindled away, and is rare there now.’ It has 
also become rare about Much Wenlock, where it was formerly common 
(W. E. B.). [Compare the reports from Avoch, on the Ikloray Firth, 
recorded in Second Report of the Committee.] 

1223. Pumex vuiritimus, L. Has disappeared from its Ellesmere 
station, Shropshire, probably being taken by a collector (W. P.). 

1230. Daphne Meiercum, L. Nearly extinct in the Bath district ; used 
for medicinal and other pnrpo.ses (S. S. B.). 

1240. D. Lanreola^ L. Is now dug up in the woods round Bath by- 
dealers, and sold in Bath (S. S. B.). 
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1251. Enphorhia pilosay L. Is still to be found in Bath station; col- 
lectors are its chief enemy (S. S. B.). 

1339. Cephalanthera pahenSy Rich. Formerly plentiful near Bath, but 
now being rapidly eradicated by dealers (S. S. B.). 

1358. Oplirys apiferay Huds. Plymouth ; extinct since 1875, in its only 
local station, through railway extensions (D. D. D.). 

1370. Iris fadidiss{7nay L. Has disappeared from the vicinity of Ply- 
mouth through building operations (D. I). D.). 

1380. Narcissus Eseudo- narcissus y L. Is greatly diminishing through 
the lanes and orchards of S. Devon, mainly through ‘ indiscriminate 
purchase by nurserymen and others from persons who advertise and sell 
them by the thousand * (T. H. A.-H.). 

1383. N. hiflorusy Curtis. Gradually diminishing in the orchards of S. 
Devon, from the same causes as 1380 (T. H. A.-H.). 

1385. Galantlius jiimlis, L. As 1380 (T. H. A.-H.). 

1380. Leucojiini (estivumy L. Until recently found on the banks of the 
Dart, S. Devon, but now apparently quite extinct (T. H. A. H.). 

1474. Damasonimti siellatamy Pers. Has disappeared from its Elles- 
mere station, Shropshire, the site being covered by a garden (W. P. and 
W. E.B.). 

1521. Cyperus longusy L. ‘ Weston-in-Gordano, North Somerset ; the 
spot was anciently a fish-pond, but by gradual drainage it became a 
marsh, and within the last few years has been ditched, ploughed, and 
planted ; the sedge still comes up amongst the crop, but does not flower, 
and probably will soon cease to exist' (J. W. W.). 

1659. Folypogon littoralisy Sm. St. Philip’s Marsh, Bristol ; destroyed 
by brickmakers excavating the ground, and afterwards filling in the place 
with rubbish (J. W. W.). 

1761. Hymeuophyllum Timhridgcnsey Smith. Disappearing from neigh- 
bourhood of Plymouth, through removal by people (D. D. 1).). 

1762. H. unilateraley Borg. As in 1761 (D. D. D.). 

1764. Adkmtum CapiUm- VeneriSy L. Nearly extinct round Ilfracombe, 
through collectors (W. P. II.). Formerly plentiful on the S. Devon coast, 
but ‘it has been wantonly plundered and is now nearly extinct' 
(T. H. A.-H.). 

1766. Cryptogramnie cri^pa^ K. Br. Apparently extinct near Linton, 
N. Devon; exterminated by collectors (W. P. IL). 

1769. Asplenium lanceolatnniy Huds. A few years ago quite plentiful 
on the coast of S. Devon, but now nearly extinct tlirough collectors and 
dealers (T. H, A.-H.). Has di.sappeared from Loycombe, Ashburton, 
through collectors (F. A.). 

1770. Asphniium Adianturn-)iigruiny L. Formerly not uncommon about 
Haighmond Hill, Salop ; now rare, no doubt through fern- gatherers 
(W. P.). 

1771. Asplenium mariimm, L. Trewornan, Wadebridfre ; much sought 
after, and large plants are now uncommon (D. S.). Becoming yearly 
more scarce on the coast of S. Devon, ‘ through the gi’ecd of collectors, 
and the thoughtlessness of tho.se who ought to know better ’ (T. H. A.-H.). 

1777. Asplenium sepientrlonale, Hull. Porlock ; carried ofl' by a Bristol 
dealer (R. C. A. P.). Apparently extinct round Lynton, N. Devon ; 
exterminated by collectors (W. P. H.). 

1778. Athyrium Fillx-fo mhuiy Roth. East side of Longmynd, Shrop- 
shire ; much reduced by visitors (W. P.), 
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1782. Scolopendrium vulgare^ Symons. Formerly abundant in some 
stations near Bath, but being rapidly reduced by dealers (S. S. B.). 

1789. Folysticlium lohatunij Presl. Roadside between Yorton railway 
station and Clive, Salop; has disappeared (W. P.). 

1790. Folystichum awjulare^ Presl. Disappearing from neighbourhood 
of Plymouth through action of fern-collectors and dealers, and of persons 
who transplant the roots into gardens (D. D. D.). 

1792. Lastrdia Orenpteris^ Presl. Disappearing from east-end of Long- 
mynd, near Church Stretton, Salop, through visitors (W. P.). 

1793. Ladraia Filix-mas, Presl. Far less plentiful round Bath, 
mainly tbrougli dealers (S. S. B.). 

1802. Flieynpteris Fryopferis, Fee. Light-spout Valley, near Church 
Stretton, Salop ; all but exterminated by visitors (W. P.). 

1803. FhfVfopteris Robertiana, A. Br. (= Folypodium calcareiLin) . Kear 
Melksham, AVilts; disappeared through building operations (B. S.). 

Ffipyopferis poly2)0(Uoide,% Fee (= Rolypodiiim idiegopteris^ L.). 
Has disappeared from banks of river Dart, S. Devon, through collectors 

1806. Osmunda regaliSy L. Disappearing from neighbourhood of Ply- 
mouth, from action of fern-collectors and dealers, and of persons who 
transplant the roots into gardens (D. D. D.). Now scarce in N. Devon, 
through collectors (W. P. H.). A few years ago most abundant both in 
N. and S Devon, but now rapidly disappearing everywhere through col- 
lectors (T. H. A.-H,). In Shropshire much reduced by collectors (W. P.). 

1825. Lycopodium clawitumy Jj. Formerly plentiful on the Longmynd 
Hills, Salop, but now scarce ; ‘ I have seen it at the hotel at Church 
Stretton used to decorate the table’ (W. P. >. [The same decoration is 
very common at shooting- breakfasts in the Highlands.] 


Report of a Co))imLttee^ consisting of Professor Newton, Mr. John 
CoRDEAUN (Soeretary), IVlessrs. John A. Harvie-Brown, R. M. 
BARUiNcrroN, W. EA(iLE Clarke, and the Rev. E. P. Knubley, 
appointed at l^eeds to make a digest of the observations on the 
Migration of Birds at TAghthouses and Light-vessels, wliichhave 
been carried on by the Migration Committee of the British 
Association, and to report on the same at Cardiff, 

The Committeo have to re]iort that, regarding the Migration Digest, very 
considerable progress has been made during the past year with the syste- 
matic tabulation of the facts collected during nine years by the Commit- 
tee. These have been arranged under the head of species for a given month, 
and on a plan that shows at a glance the date and distribution, numbers, 
time of occurrence of each movement, on all coasts and subdivisions of 
coasts. Initiatory steps have been taken in the preparation and print- 
ing of a schedule on which these results will be finally tabulated and sub- 
mitted to the Association as the chief portion of the Final Report ; also a 
map showing the distribution on the British coasts for each species on 
migration. These schedules and maps will form the most bulky portion 
of the final digest, and when completed will show (for several species on 
each sheet) the results already mentioned, and permit of a ready compari- 
son of all the movements in every aspect and over a given time. 
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Yoar Committee would respectfully solicit their reappointment as 
before ; and, while engaging to bring the enquiry to a concluvsion with the 
least possible delay, they find it impossible to pledge tliemselves to 
any fixed date for completing the work. 


Mepoo't of the Committee^ consisthifj of Professor Flowkr {Chair- 
man). Professor JVI. Foster, Professor Kvy Lanickster, Professor 
Vines, and Mr. S. F. Harmer (^Secret(fri/), aj)pointf^d for the 
purpose of arranging for the occupation of a Table at the 
Laboratory of the Marine Biological Association at Plymouth, 

The Committee have followed the precedent of the previous year in not 
employing the grant of 30Z. entrusted to tliem in taking a table for a 
complete year ; but they have made use of portions of the grant, from 
time to time, as the occasion arose. 

They have nominated the following persons to the nse of a table at 
Plymouth : — 

Miss Florence Buchanan, for one month (July, 

Mr. S. J. Hickson, M.A., D.Sc., Fellow of Downing College, Cam- 
bridge, for one month (from August 20, ISOl). 

Mr. A. Willey, for six weeks (from August 3, 1891). 

No payment is made for one of these months, while the remaining 
period is paid for at the rate of oL per montb. The Committee have 
therefore to report that they have only spent 12/, !<».<., leaving an unused 
balance of 17/. 10^. 

The Committee are obviously unable to give any detailed information 
with regard to the results of their employment of the grant. Miss 
Buchanan is already working ai Plymouth, and is engatred in the sys- 
tematic study of the species of Polychieta occurring at Plymouth, with 
a view to preparing a list of the Polychiet fauna of that neighbourhood ; 
she is also making observations on the regeneration of lost parts in Nereis 
and in Nephthys, and on the variation of Nereis diearsicjdor. Mr. Hick- 
son proposes to investigate the development of Alciyniuon ; and, if time 
permits, to study certain points in its physiology and minute anatomy. 
Mr. Willey expresses his intention of investigating the group of tho 
Tunicata. 

The Committee belie\'e that tlie nominations which they have made 
are a sufficient evidence of the utility of the grant in assisting well- 
qualified persons who arc anxious tf> work at tho Plymouth Laboratory ; 
and they ask the Association to re-appoint them, and to place at their 
disposal 17/. 10.^,, being the unused balance of the grant made to them 
at the Leeds ^feeting. 

Experience has shown that applications for nomination are likely to 
be made for tho summer months only, as in the two preceding years. 
The Committee wish to point out that, if this is the case, they do not 
expect to be able to furnisli at the ensuing meeting of the Association a 
detailed Report on the investigations undertaken with tho assistance of 
the new grant ; but they hope to be in a position, if re-appointed, to give 
a more complete account, in their next Report, of the results of tho in- 
vestigations which are in progress, or which are about to be made with 
the assistance of the grant which has just expired. 
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Report of the Committee^ consisting of Dr. P, L. Sclateu, Professor 
Kay Lankestkk, Professor Cossar Kvvart, Professor M. Foster, 
Mr. A. Sedgwick, Professor A. ]\I. jMarshall, and Mr. Percy 
Sladen {Secretary)^ nominated for the purpose of arranging 
for the Occupation of a Table at the Zoological Station cut 
Naples, 

[Ordered to be printed ninong the Keports ] 

Tun Com mitteo regret to report that at the last meeting of the Association 
hold in Leeds the Committee of Kecomraendations did not sanction the 
grant approved hy the Committee of Section D for the use of a table at 
the Naples Zoological Station. A communication, signed by the President 
of the Section, was addressed to the President of the Association, by whom 
it was read at the last meeting of the General Committee, expressing the 
disappointment felt by the Committee of Section D at the decision of the 
Committee of Ilecorarncndations, and pointing out tliat in their opinion the 
cessation of the grant would act as a serious discouragement to biological 
investigation, and would place British naturalists at a great disadvantage. 

Fortunately the Committee have not been deprived of the privilege 
of nominating workers to occupy a table during the* past year at the Naples 
Zoological Station, Captain Noble, the President of Section G, having 
generously given lOOh for the purpose of maintaining a table as in previous 
years, an oiler wdiich the General Committee authorised the Committee to 
take advantage of. The Committee desire <o express tlieir high apprecia- 
tion of Captain Noble’s singular liberality, and to ])la(’e on record their 
indebtedness to him for rescuing British biologists troin the unenviable 
position in which, but for his generosity, they would have been placed. 

The Committee beg to direct the attention of the Association to the 
fact that three applications from competent workers for permission to uso 
the table had been received hy the Committee when they applied for the 
renewal of the grant at Leeds ; and that for tlie last four years applica- 
tions have always been in the possession of the Committee to justify their 
recommending the continuance of the grant, and they would, therefore, 
respectfully submit to the Association that the grant has in no case been 
applied for without a detiuite purpose, and to assist a specific object of 
research. 

The Committee trust that the Association will sanction the payment 
of the grant of 100/., as in previous years, lor the hire of a table in the 
Zoological Station at Naples ; and they strongly recommend the con- 
tinuance of this grant as a means of affording to British naturalists advan- 
tages for prosecuting research which are unobtainable elsewhere. 

The Committee have received an application for permission to use the 
table from !Mr. Arthur Willey, who proposes to make a special series of 
investigations on tho Ascidians, which ^Yill occupy him from the end of 
September, through the winter and spring of next year, and the Com- 
mittee express the hope that tho Association will enable them to sanction 
this application. 

Two gentlemen have occupied Ihe table during the past year, "Mr, 
William K. Melly and Mr. Edward J. Bios, and their reports upon the 
nature of the work undertaken are appended. The Committee would 
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direct attention to the remarks made by Mr. Bles upon the special advan. 
tages to be derived from working at the Naples Zoological Station. 

Tlie I^uhlications of the Station . — The progress of the various works 
undertaken by the Station is here summarised : — 

1. Of the ‘Fauna und Flora des Golfes von Neapel ’ no monograph 
has been published since the last report. The preparation of the mono- 
graphs comprised in this series requires, on account of the complete and 
exhaustive manner in which the subjects are treated, a considerable length 
of time, which can only rarely be estimated beforehand. It becomes on 
this account very difficult to publish regularly a yearly set of monographs. 
The comparatively small number issued lately will, however, soon be 
balanced by the publication of an increased number of works, as the 
following monographs are now in liaiid, and the three or four first named 
will soon leave the press : — 

Prof. Della Valle of Modena, on ‘ Gammarini.’ Prof. Spengel of 
Giessen, on ‘ Balanoglossus.’ Dr. Giesbrecht of Naples, on ‘Pelagic 
Copepoda.’ Dr. Jatta of Naples, on ‘Cephalopoda.’ Dr. Vosmaer of 
Utrecht, on ‘ Spongia.’ Prof. Falkenberg of Rostock, on ‘ Rhodomeleas.^ 

. Prof. Apathy of Klauscnburg, on ‘ Hirudinei.’ Dr. Burger of Giessen, on 
* Nemertini.’ Prof. Chun of Breslau, on ‘ Siphonophora.’ Dr. v. Davidoff 
of Munich, on ‘ Appendienhuia.’ Dr. ^fuller of Greifswald, on ‘ Ostra- 
coda.’ Dr. Schiernenz of Naples, on ‘ Pteropoda.’ Prof. v. Koch of 
Darmstadt, on ‘ Alcyonaria.’ 

2. Of the ‘ Mittheilungen aus der Zoologischen Station zu Neapel,* 
vol. ix., part iv. with 10 plates, has been published. 

3. Of the ‘ Zoologischer .lahresbericht ’ the whole ‘ Bcricht ’ for 1889 
has been published. 

4. Of the * Guide to tlie Aquarium,’ a new German and a new French 
edition (illustrated) have been {)ublished. A new English edition (illus- 
trated) is being prepared. 

Extracts froui the Gener(d Iteport of die Zoolofjlcal Station , — The officers 
of the Station have courteously furnished lists (1) of the naturalists who 
have occupied tables since the hast report, (2) of the works published 
during 1890 by naturalists who have worked at the Zoological Station, 
(3) of the specimens sent out by the Station during the past year. Theao 
details, which will be found at the end of this Report, are the most con- 
vincing evidence of the growth and efficiency of the institution. 

I. Ueport on the Occupation of the Table. Bij Mr. William R. Melly. 

I arrived at Naples on October 28, and was most kindly received by 
Professor Dohrn. 

I worked at the Station every day until December 7, when I was 
unfortunately taken ill with rheumatic fever, and remained so unwell for 
the rest of my stay in Naples that 1 was able to do very little work. 

I left Naples on Saturday, January 3, as my doctor advised me to 
return to England. 

Specimens of various sponges, chiefly Esperia Lorenz li containing 
Spongicola^ wore obtained for me almost every day during the first part 
of my stay. Bnt as this animal lives in fairly deep water, it was unob- 
tainable except in calm weather, and unfortunately during the last three 
weeks of my stay the weather was so bad that none were procured. 

I kept my specimens in aquaria, through which a constant stream of 
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water flowed. At first they seeraed to thrive exceedicgly well, but later 
on they became very sluggish and hardly ever extended themselves. 
Whether this was owing to the time of year, or to the weather, which 
was exceptionally cold for Naples, or whether it was due to my having 
overcrowded my tanks, I am unable to say. 

Sp07i(jicoIa Jhiularisy F. E. Schulze, inhabits several of the silicious 
sponges, but most of my work has been on specimens inhabiting either 
JEJsperiit hdiirlana, O.S., or Jasper in Loreiirdi, O.S. In these two species, 
so far as I can judge from the few specimens of each that I have as yet 
been able to make sections of, although the internal anatomy is the same, 
the form of growth is different. 

In ]ij. haariana the chitiiious tubes are straight, and do not generally 
project more than 1 mm, above tlio surface of the sponge, and are very 
long, tapering as they go deeper into the sponge, till they join each other, 
forming a network. In K. on the other hand, the tubes are much 

shorter, that is, tiny form a network inside the sponge considerably sooner, 
and they project often 2 or 3 mm. or even more above the surface, and are 
generally curved. Tliis may Ijc due to their being different species 
inhabiting diffenuit sponges, or it may bo due simply totlio different form 
of sponges they inhabit. For whereas E. hnurifria is solid all the way 
through, E» Lorenzil is hollow, and therefore of course the tubes would be 
obliged to become curved and to join each other nearer the surface. I 
myself incline to the latter view, and I am also far from snro that when 
the Monactinellid group of sponges are thoroughly worked through it will 
not bo found that E. hm^dana and E. Loroudi are the same species living 
under difFereiit conditions. 

I have not studied these forms very closely, but from sections I have 
of them (cut always for the purpose of obtaining sections of the enclosed 
Spongicola) the anatomy of the two seems to me almost identical, as are 
also their spicules. 

Coming next to my nudhods of examining and killing my specimens, 
the chief difficulty arose from the extreme shyness of these animals, as 
they will only extend themselves under the most I'avourable circumstances, 
and the slightest movement is suttieient to canse the wliole colony to dis- 
appear again within their tubes. To examine them alive under anything 
like a high power is almost an impossibility. The slightest jar of the 
glass containing them, or of the table, almost invariably causes the instant 
disappeamnee of every tentacular crown in the colony. 

I have often known them retract with nothing more than the jar 
caused by the lens entering the water in which they were lying. 

When first taken from the aquaria in the morning, my specimens, 
which I placed in glass boxes about tw^o inches in diameter and one in 
depth, full of water, would generally extend in from half an hour to an 
hour, but if they again retracted they usually took much longer, and fre- 
quently refused to extend themselves at all until they were again placed 
in running water. 

The opacity of tlio sponge is another source of difficulty. 

Owing also to the fact of tlie Spnntjicohi tentacles being white against 
the opaque and also light-coloured background of the sponge, it is almost 
impossible to make out even the number of the tentacles. 

With regard to killing them extended, I had practically no success 
whatever. I have tried all the methods I could hear of, but with very 
poor results indeed. 
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The best results I got by pouring in very slowly, a drop at a time, 
about one every minute or so, 

9G per cent, methyl alcohol (CH.,OH). . 10 vols. 

Salt water ....... 90 vols. 

Natrium chloride . . . . 0'6 vol. 

After three-quarters of an hour or so, if they had not retracted, I 
poured on quickly a large quantity of hot sublimate ; by this method I 
succeeded in getting some specimens half retracted. 

Tor preserving specimens for sections I found the best results were 
obtained from specimens treated for two minutes in 1 per cent, osmic 
acid, then passed for two minutes through alcohol of 5, 10, 20, 30, 40 per 
cent, up to 90 per cent., hardened in absolute alcohol, and imbedded in 
paraffin. I found it best to leave the Spoutjicola in the sponge and dissect 
it out after having hardened the whole in absolute alcohol. 

Tor staining I used mostly borax -carmine and hoomatoxalin, stain- 
ing the Spongicola whole after having dissected it from the sponge. I 
did not obtain any good results from dissecting the Spoiujicola living, 
as it seems capable of withdrawing itself to almost any extent inside 
its tube, w’hich in the interior of the sponge is very soft and easily 
torn. 

History. — Spongicola jhtularis was first discovered and named by 
Professor Allman in 1874 (Stephanoscy pirns mirabilis, ‘Nature,’ July 
30, 1874, ‘ Ann. and Mag. Nat. Hist 4th series, vol. xiv., 1874, p. 237). 
He describes it as inhabiting horny sponges in shallow water on the 
south coast of France. 

From the fact that he could discover no hypostomc or proboscis he 
came to the conclusion it was not a true hydroid. He further made out 
what he believed to be four longitudinal canals extending from the base 
of the tentacle-crown some distance back and projecting into the interior 
of the body-cavity. These, he says, are connected with a ‘ circular 
canal’ situated in the body-wall, ‘ which is wide, and easily admits a 
needle.’ This, he says, is continuous and without septa, having a distinct 
endodermal lining. 

He failed to find an endodermal lining to the longitudinal canals, 
though he thinks one probably exists. 

He further states that the tentacles arc placed in ‘ two closely ap- 
proximated and alternating series of 18 each, forming a single circlet,* 
and that their structure is the same as that of a typical hydroid, that 
when retracted the terminal orifice is closed over them, and that the 
anterior part is thin-walled and very contractile, like a hydranth in its 
hydro theca. 

He divides the animal into a proximal and distal portion, and say.s 
that the mouth is probably situated where the two join, and that tho 
proximal cavity is the true digestive cavity, while the distal cavity is 
homologous with the umbrella, and the tentacles with the marginal 
tentacles of a medusa. 

Ho also states there is no endodermal lining to tho distal cavity, 
while the axial cavity has a well-marked one. 

Therefore, though the form and habit are those of a Hydroid Tropho- 
some, its organisation is that of a medusa. So he says it is as far 
removed from Hydroida as from Siphonophora, and ho proposes therefore 
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a new order — ‘ ThecomeduBBQ ’ — ‘ animals composed of composite zooids, 
medusiform with circular and radiating canals, included in a chitinous 
rooted perisaro, which forms the tube within which they are retractile/ 
Genus SfephajioscypJius. 

In 187/ Professor F. K. Schulze published an extensive paper on this 
animal (‘ Archiv fiir mikroscopische Anatomic," vol. 13, 1877). 

He failed to find either the circular or longitudinal canals described by 
Professor Allman. 

He gives the structure as being ectoderm, then a layer of longitudinal 
muscular fibres, then a layer of supporting lamella, and then endoderm 
throughout. Ho describes four ‘ Langswalle,’ which lie says are made 
by the endoderm folding round longitudinal ridges of supporting lamella. 
There is also, he says, a hypostonie which is simply a continuation of the 
body-wall bent at right angles, and the four ‘ Langswalle ’ continue along 
the under side of this membrane and end at its free edge. 

He gives the number of tentacles as being variable, probably a mul- 
tiple of four. 

He further describes four nose-like projections from the chitinous 
tube into the interior, compre.ssing the animal in the form of a Maltese 
cross. 

The results he comes to arc on the whole so very different from those 
of Professor Allman tliat lie leaves it an open question as to whether the 
two animals are the same or not. 

In 188G Professor ^Metsehnikoff in his ‘ Kmbryologischeu Studien an 
Medusen," Vienna, 188(>, p. 87, suggests tliat this animal might bo a stage 
in the life history of Nau.\it/ioi% jiartly on account of the Ikct that when tho 
young NavsifJwe reach tlic Scyphistoina stage they produce chitinous tubes, 
into which they retract with extreme (piiekness, iuid partly relying on a 
paper of Kowalewski’s (‘ IJiitcrMKduingen uher die Fntwiekelung dcr 
Coelenteraten ’ in Nadir. Gcs. h’r. Ac. Moskau, vol. K', 2, Sep, p. 3G) 
in which that author says that he has seen Strobilation and also Fphyne 
given off by >S/eyj//aao.s’r//2>// a.''*. 

Professor Fol Du* erste Futwick. d. Geryouiden Fier.’ Jen. Zoit., vii,, 
p. 488) remarks that tlie larvse of N(tiisitln>r swim alioiit for some weeks 
in liis aquaria without chaiigiug, exei'pt that thread-cells appear in their 
ectoderm, after which they always die. This fact IMetschuikotf also 
remarks, hut without mcntiourng that such would probably be the case, 
as no doubt the young KaKnithoc cannot develop without entering a 
sjiougc. 

So far as I then knew, this Avas all the work tliat had been done on 
JSpongicohi when, in the spring of 18J0, in Professor Schulze’s laboratory 
ill Berlin, I took up its further investigation. 

Tlio points that seemed to me to want clearing up were : — 

1. Were StephaunsrijpJtus nnrahiJis and Spongicola fistuldiiii one and 
the same animal, or ditlerent species of the same genus, or were they 
altogether diirercnt? 

2. What was the exact position of this animal in the Zoological 
series ? 

3. What was tho exact significance of, 1st, tho ‘ Liingswallo * of 
Schulze; 2nd, tho ehitimms projections into the interior of the animal ? 

I began my work on material which Professor Schulze very kindly 
procured for me from Trieste, Avhich consisted entirely of specimens of 
JF. hauriana well stocked with Spoiwicola. Unfortunatclv. aUhoueh I 
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was enabled to make out some points with regard to the structure and 
anatomy of the animal, the material was in too bad a condition to give 
very good results. 

Professor Schulze made several attempts to procure me living material 
from Trieste, but the specimens on every occasion arrived in a half- 
macerated condition. Finally, at the end of the summer, Professor 
Schulze advised my going to Naples. This, owing to the great kindness 
of the British Association in placing their table at my disposal, I was 
enabled to do. 

When I arrived at Naples and stated the object of my visit, Professor 
Dohrn informed me that Professor Paul Mayer and Signor Lo Bianco 
had during the summer made a discovery regarding Sponglcola, 

1 was immediately introduced to Professor Mayor, who, with tho 
greatest kindness, gave me full particulars of everything ho had done, 
and to whom my most hearty thanks arc due for much kind assistance 
and many valuable hints. 

1 also here \Yish to express my indebtedness to J3r. Eisig, Signor 
Salvatore Lo Bianco, and all tho other assistants at tlie Station, for their 
extreme kindness to me during my stay in Naples. 

While I was there in November, Dr. flayer and Signor Lo Bianco 
published (in the ‘ Zoologischcr Anzeiger,’ No. 3ol, IHllO) short paper, 
‘ Sponyicohi und Kau<itJioe/ completely answering my No. 2 query. 

On Juno 20 they saw the Ephyrjc being given off from the SpotKjicola, 
which were nearly all in Strobila stages. 

These larvio were kept and fed until, at the end of four days, they 
reached, without doubt, the stage which Professor Claus has described 
and figured as a young Nausithoii (‘ Untersuch ungen uber die Organisa- 
tion und Entwicklung der Mednsen,’ Prag und Leipzig, 18H3, PI. 7, 
Fig. 48), thus proving that SpongfeoJd is the Scyphistoma stage of 
Nannthoe. 

From this, as Dr. ]\rayer pointed out to me, another question arose, 
namely, as to whether Professor naockcl is right in his work on ‘Medusm^ 
(1879, p. 486), in saying that all the three species of Nau^ithae liitherto 
described, viz., N. p}incfida, Kolk, N. margmafa^ Kolk, and N. alhido., 
Gegenbaur, are tho same species. 

It seemed to me that this might be settled witii regard to whether 
there were more than one species of the Scyphistoma form. T therefore 
turned my attention to this subject, and found that, 1st, there was tho 
difference in form already stated ; 2nd, tho tubes that grow in tho solid 
sponges, and are straight, are much lighter in colour than the more curved 
ones in the hollow Espericn ; 3rd, that the Spongirola with tho straight 
tubes have generally the yellow crystals in their tentacles (1 saw none in 
the body- walls), described by Kollikcr, in the walls of tho bell of N. 
punctata. These I have never seen in tho enrvod-tubod animals, but tho 
difficulty of seeing tl)em at all may account for this, as it is only when 
the animal is in a certain light that they are visible. 

Dr. flayer and Signor Ijo Bianco found them always present in tho 
Ephyra?. 

On the whole I am inclined to think that the differences I observed 
are not sufficient to enable me to say with any certainty that there is 
more than one species. I was, unfortunately, unable to study this ques- 
tion from its other side, as only one specimen of NausitJwe was captured 
during my stay in Naples. 
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With regard to qnestion No. 1, it seems to me probable that tbe 
animals described as * StephanoscijpJms mirahilis^ by Allman, and ^ Spongicola 
jistiilaris ’ by Schulze, are one and the same. 

I ara enabled to endorse Professor Schulze in every statement he has 
made, and have very little indeed to add to his w^ork. 

The only points on which I can as yet extend his excellent paper 
are with regard to the way in which this animal retracts, and to the 
structure of the * Liingswillle ’ or longitudinal ridges. 

First, as to retraction. The entire body- wall for the first half mm., 
more or less, folds over inwards, like the finger of a glove when it is 
pulled inside out, bringing the tentacles into the interior of the animal ; 
the membranous hypostome, which is so difiicult to see that it might 
easily have been missed, even by such an excellent observer as Professor 
Allman, is pressed close against the sides of the body some way down, 
leaving apparently a (^anal lined with endoderm, which appears to be in 
the body-wall. 

This I take to be what Professor Allman mistook for a circular canal. 
The tentacles arc much retracted, and either lie pointing outwards, or 
can bo again c.xteiuh d deep down into the interior of the animal, when 
no doubt particles of food entangled in the thread-cells, with which the 
tentacles are plentifully covered, are digested by the endoderm cells. 

When a caivfnl series of transverse sections are cut, first (as might 
be expected) t-hor(‘ is a .solid ring of ectoderm, tlien there appears 
endoderm in the middle between two circular layers of ectoderm, next 
a circular spane is seen dividing the endoderm into two layers, which 
closely ajiproximale to the two layia's of ectoderm, forming an apparent 
circular canal lined with endoderm. The interior s[)aco lined with 
ectoderm is filled by transverse sections of tentacles. Still deeper 
sections are rcaclied showing the tentacles given otf from the internal 
layer of ectodm-m with the approximated layer of cndodeinn running out 
into and forming the solid centre of each tentacle ; below that, unless 
the tentacles have been jirojoctcd downwards into the body of the' 
animal, transvf'vi- o sections of them cease, and the tw'o layers of the 
endoderm again come to be closely a[)proximated ; a few sections further 
on the internal layer of ectoderm ceases, and only an external layer of 
ectoderm and a layer of endoderm, .separated by a layer of supporting 
lamella, remain. 

Between the ectoderm and endoderm there is alway.s a layer of clear 
colourless supporting lamella, but in the upper parts it is very thin and 
in many cases hardly to be distinguished. But after the limit of in- 
vagination is reached, the layer of supporting lamella becomes much 
more distinctly seen ; ami hero also two layers of longitudinal muscular 
fibres make tlicir ap]i(‘arance, one on each side of it. These layers of 
iiiusculai* fibns, proci eciing lower with the series of sections, join each 
other at four places, forming, as it were, four oblong pieces of supporting 
lamella surrounded by muscle fibres. These oblong pieces gradually become 
more circular and draw away from each other, and their centres are 
filled with peculiar long-shaped cells, which are apparently thread-cells 
in various stages of development. Hound these the endoderm lining the 
whole of the internal cavity makes four folds w’hich project inwards 
into the interior of the cavity, the space between the muscle fibres and 
themselves being filled with the clear colourless supporting lamella. 

These in transverse and longitudinal sections look very like longi- 
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tudinal canals, and are probably what Professor Allman describes as 
such. 

The exact significance of these endodermal folds and the manner of 
their attachment to the membrane forming the hypostome are points 
which I had hoped before now to have cleared up from the material 
which I preserved whila in Naples, but, unfortunately, I have not yet 
been able to find time since quitting Naples to continue my work on 
SpongicoJii. 

With regard to the longitudinal ridges formed of dov'eloping thread- 
cells and surrounded by a layer of longitudinal muscular fibres, I think, 
from my investigations, there can be little doubt that tliey are used, not 
to cause the crown of tentacles to invaginate in the manner described, as 
they are not continued high enough up for that purpose (which I believe 
to be effected Iti some wav by the endodermal folds), but to retract the 
whole animal after it has invaginated itself into its tube. 

The four chitinous nose-like projections, which are well described both 
b^’ Schulze and Allman, project inwards in sncli a n\anner as to cause 
the four longitudinal ridges of developing thread-cells to become horse- 
shoe-shaped round them, and are, I think, without doubt present to 
enable the animal to use its muscles with greater effect. 

Sometimes four smaller ones are present, placed between the four 
larger ones. 

The longitudinal ridges probably enable the whole animal to rapidly 
expand again after contraction, owing to the extreme elasticity of their 
contents 

These are the chief results that T was enablrd to obtain while at 
Naples, but I hope that in the future 1 may he .able to contimie my work 
on the material I collected while there, as there are still several i)oiiits I 
should like to clear up. 

In conclusion it is, I think, nnnecess.ary on my pai’t, after the articles 
that have lately appeared, to say more in regard to the Naph's Station, 
but no praise could be too high for the excellent way in which ev(*rvthing 
is managed, and the gre.at facilities given to students for original research 
of every description. 

At tho present moment I believe I am correct in s.aying that without 
having been allowed the n.se of the British Association table 1 could not 
pos.sibly have obtained either the results I have obtained or those which 
I hope still to achieve by farther study on the material I was enabled to 
preserve while there. 

In conclusion I wish to express my deep obligation to the British 
Association for the use of their table, and to Professor Dohrii and his 
staff for all their kind a.ssi.'^tance to rne while at Naples. 


II. Report 0)1 the Occtipaiion of the Table. Ihj Mr. KnwARD J. Bles. 

Having been allowed, through the kindness of tho Committee, to 
spend three months at tho Naples Zoological Station, I left Kngland 
towards the end of December 1890, and reached Naples on December 22. 
I fonnd a well-appointed table in readiness, and on the following day 
living material began to arrive in more than abundance. My visit was 
unfortunately broken during the eighth week by an attack of influenza, 
immediately followed by complications which left me extremely weak. 
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The illness and period of convalescence lasted four weeks, and seriously 
interrupted tlio course of my work, as I only remained at the Station for 
little more than a fortnight after recovery. I left Naples on March 27. 

It had been ray intention to work at the development of the Polychaeta, 
but the only suitable form available at that season of the year (a Nereis) 
was already appropriated by one of the workers at the Station. Eggs of 
Spio fidUjvtiosusfindi of Vohjnmia nehidosa were easily obtained in quantity ; 
in both cases, however, minuteness and opacity detract from their value 
for embryological research. 

I was able to confirm Salensky’s account of the segmentation stages 
in the egg of N. fuliginosiis. I made unsuccessful attempts to fertilise 
artificially the eggs of Arenicola marina^ A. Ortihei^ Qjwd Lan ice conchilega ; 
the sexual products af)peared to be unripe. The first fortnight was 
occupied by these preliminary studies, and in examining the rich and 
varied ])roceeds of the daily dredgings and tow-nettings. A. fresh supply 
of the wonderful pelagic life in the Bay was brought in every day with 
very few exceptions, and 1 had many opportunities of examining numerous 
forms of annelidan larvso in the living condition, and of preserving a large 
quantity of material. Still there seemed to be little probability of 
obtaining a sufficient number of specimens in different stages of the 
development of any one form, and I therefore took up, at the kind 
suggestion of Professor Eisig, the study of the adult anatomy of the 
Chlorluemidie, a family of polychaDt worms. 

I received numerous specimens of Sijdumostoinn diploduetos, Otto, and 
of Troidionia phnitosa^ Clap. ; further, specimens of Shjlarloides 7nonilifer, 
D. Ch., and of SfglanoicJrs Edu-anhii (=sLophiocephala Bdwanhii^ 
Costa). Sig. Lo Bianco kindly handed over to me a few specimens of a 
i^tglarioldes new to science, which were found associated with Balano- 
glossus on one occasion some years ago, and has not again been seen. I 
ahso received alive a single specimen of each of two hitherto unknown 
species of Trophonia. 

I have given most attention to S. diplochados^ as this species is con- 
venient for dissection, ttc., and common. The worm is 6-7 cm. long, 
has 40 50 segments, and is about 1 cm. across the widest part of the 
body, a third of the total length from the anterior end. Prom this point 
backwards the animal tapers gradually to the hinder end ; the anus is 
terminal. More than half of the width of the animal is taken up by the 
thick investment of a substance partly colloid and partly mucous. 
Through this and the transparent epidermi.s the brightly coloured viscera 
are sometimes very clearly visible. The soft sheath covers the whole of 
the body behind the first pairs of seta\ It is secreted by mucus-cells 
borne in the heads of clavate, filiform, epidermal papilla). The swollen 
heads of the papilla) just reach the surface of the sheath, and a secretion 
from them replaces a thin mucous outer layer which is periodically cast. 
To this layer adheres a continuous coating of the ooze in which the 
animal lives. The fresh external deposits of mucus are soluble in a 5 to 
10 per cent, solution of sodium carbonate, and are insoluble in acids. 
The older internal layers are not affected by the alkaline solution, and 
have probably undergone some chemical change. They are distinctly 
colloid. The papillao are longer and more numerous on the dorsal than 
on the ventral surface, and there is a crowded group of long ones inter- 
spersed with each bundle of setce. These appear to be sensory, and bear 
short sensory hairs at their tips. Below the mucous sheath lies a tliin 
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cuticle, in contact with both the sheath and the epidermis. The 
epidermis is a single layer of squamous cells, and is devoid of mucus- 
cells, with the exception of those in the heads of the papilla? and those 
scattered in the ciliated region round the mouth, anterior to the first 
pairs of seta?. In this region the paj)ilhe are absent. The seta? of the 
dorsal and ventral bundles of the first segment are more numerous and 
longer than those of posterior segments ; they are directed forwards, and 
form a fan-shaped chevaux-de-frise on each side of the head. Their 
parapodia form a large continuous fold of tiie integument, within which 
the head can be retracted, the setie then closing in and forming a sort of 
cage. The posterior parapodia are not well developed ; the dorsal and 
ventral bundles of seta' are set on widely separated conical protuberances 
connected by a slight ridge. The ventral bundles are used for progres- 
sion, the animal, walking on the tips of the seta', which are inclined 
forwards and then pulled back in succession from before backwards. 

The alimentary canal, compared with that of other Polychmta (except 
Pecthmria)^ is abnormal in being bent on itself several times. The narrow 
oesophagus opens near the hinder end and on the dorsal surface of a 
large sac-like, thin- walled stomach, which is continued into an C/5-shaped 
‘duodenal’ part of the intestine. The stomach, the ‘duodenum,’ the 
hinder ends of the pair of nephridia, and the pu>terior ovaries in the 
female are enclosed in the septum between segments 1) and 1<). This 
septum forms a complete partition between tlic ‘ tlioracic ’ and abdominal 
portions of the cadom. It is distended by the viscera named into a largo 
sac, extending as far back as tlie ITuh to 'JOth segment. It confines the 
genital products, when they become free, to tlio anterior part of the 
body-cavity. It is the only complete septum in tlie body ; indeed, there 
is in Siphoiiostoida no septum anterior to it, but in 'l\ there is 

also one between the fifth and sixth segments. (I am tliroughout regard- 
ing the first setigerous segment as tlie first behind the head.) The 
musculature of the body-wall is slight; there are well-developed retractors 
of the head. 

The vascular system has attracted attention on account of the dark 
green colour of the blood in all the species of this family. Lankester 
has shown that the colouring mattcu-, which he calls cJihinicruorui^ is a 
body which, like hteraoglobin, i.s easily oxidised and, by suitable reagents, 
reduced; it also gives a characteri.stic banded absorption spectrum. 
Large quantities of blood are contained in tlie capacious lacuna? sur- 
rounding the stomach and intestine. The lacuna? have no proper cellular 
walls, but lie between the basement membrane of the gastric epithelium 
and a membrane below the peritoneal epithelium. Connected with the 
enormous lacunae at the hinder end of the stomach and running forward 
dorsal to the oesophagus is a large contractile heart. It propels the 
blood forward to the branchiae, dividing in a right and left afferent 
branchial vessel at the hinder border of the supra a?80])hageal ganglion. 
Each branch runs downwards to the inner side of the branchia? and 
sends an afferent vessel into each gill-filament. This afferent vessel is 
directly continuous with an efferent vessel at the tip of the filament, thus 
forcing a single va.scular loop in each. The efferent vessels all open 
into a single large efferent trunk running parallel to and outside the 
afferent trunk. The efferent trunks unite in the mid-ventral line some 
distance behind the mouth, to form the sub-intestinal vessel. The heart 
is to be regarded as agastric blood- lacuna, which has become independent 
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of the alimentary canal, but whether this applies to the anterior branchial 
portion, as it does to the posterior portion, is doubtful. 

The heart contains a cardiac body, similar to that present in tho 
Cirratulidoo, Terebellida), Amphictenida), Ampharctidoe, and Hermellidae, 
all families with coloured blood. I can confirm tho observations of J. T. 
Cunningham on its anatomical relations and those of Jourdan on its 
histological features ; but the latter has fallen into an old error by inferring 
from its colour, &;c., that it is a gastral ca3cum. In Siphonostoma there 
is no connection and not even contact with the gut. Its cells are, in 
liardened specimens, crowded with green granules, which also occur in tho 
clotted blood, and the oi'gan is ])robably concerned in the formation of the 
blood-pigment. The chloragogenic cells of other polyol laot worms are 
peritoneal, and in Siplioiiostanta the manner in which dillerent portions 
of the cardiac body are attached to the wall of the heart gives reason to 
believe that its cells arc peritoneal in origin. At the hinder end of the 
heart there are indications of the eai-diac body being paired. 

The ‘glaiides on tube.s,’ ‘ glandcs salivaire.s/ of earlier writers have 
been conjectured to be neplirulia by Wiivn, Cininingbam, and Jourdan, 
bnt these investigators faded to discover tho ncphridial funnel. This is 
situated at the h'vol of tho hinder border of tho supra-ccsophageal gan- 
glion. It resembles those nc])l»rostomes in AphroJtte which serve as vasa 
deferentia, in its being very wide and extending from dorsal to ventral 
surface. Tlie opening is directed forwards, inwards, and downwards, and 
is close to the anterior end of the cudorn. It is lined by a single layer of 
cells bearing long stout flagella. Tho funnel leads into a narrow tube 
with an intercellular lumen, whose wall is composed of a single layer of 
ncphridial cells and an investing layer of peritoneum. Tliis tube passes 
straight back as far as the 12tli soi^ment, there bends on itself and runs 
straight forward, becoming much dilated at the level of tho oesophagus, 
in some cases filling almost the whole of the jierivisceral space. The 
external aperture of tho nephridinm is anterior to the first bundles of 
setm on a conical jiapilla, one on each side, close to tho protuberance 
bearing the eyes and to the inner side of the branchial filaments. The 
two limbs of the V-tube formed by the ncphridial duct are closely apposed 
along their entire length, and the investing peritoneum forms a simple 
sac, as though it had been pushed iinvards by the nophridium as a 
whole ; there is no peritoneum between the apposed surfaces of the two 
limbs. In their position and simplicity of structure the nephridia re- 
semble tho single ])air of thoracal nejihridia in the Serpulidm. In the 
Chlorha3midi]D, however, abdominal nephridia do not occur. There are 
no blood-vessels in the nephridia. Ova have been scon in the nephridia 
of Chlorliaima by Williams, and he concluded that the segmental organs, 
as he calls them, were genital glands. Hero, then, tho same organ 
functions as an excretory organ and as a gonad uct. 

I was eventually successful in experiments on feeding with carmine, 
and was able to keep the worms alive for a fortnight in filtered sea-water 
containing finely-powdered carmine in suspension, by passing a constant 
current of air through the water. As regards the nervous system and 
sense-organs and tho reproductive organs, 1 can at present add nothing 
to the descriptions of Grube, Jourdan, and Jaquet. 

The zoological position of tho Chlorhtnmida) has often been altered, 
Grube, who is entitled to speak with authority, places them betw'een the 
Errautia and the Tubicola, but I am inclined to believe that the}' will 
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prove to be modified Tubicola, which have secondarily acquired an errant 
habit. I ara continuing my work on this group, and hope to collect some 
embryological material and complete the experiments on the excretion of 
carmine. 

I should like to mention here my deep sense of gratitude to Professor 
Dohrn and the capable statl’ of the Siazione for all the kindness and 
attention they gave mo during my stay with them. 

Having experienced tlie benetits wliicli accrue to visitors at the Naples 
Zoological Station, i feel very strongly the importance of the British 
Association continuing to participate in the many advantages afforded by 
this institution. 

I will not dwell upon well-known advantages, such as the richness of 
the fauna and flora ; such as the possession of a large and growing 
library, exceptionally complete in its acquisitions of current literature; 
such as the completeness aud efliciency of the cquij)ment, and the experi- 
ence and matured advice of the statF; yet 1 venture to recall the fact of 
the existence of comfortable and modern pliysiological and bacteriological 
laboratories, which are well attended by foreign investigators. In Naples, 
moreover, referring now especially to morphology, so many masters have 
produced work which has become classical that specialists in almost 
every group of marine animals and ])lants liave there all the conditions 
enabling them to follow in the concrete and control the results of researches 
with which books have made tliem familiar. 

The frequent opportunities for intercourse with the leaders of Con- 
tinental schools of the biological sciences, and with some of their most 
promising pupils, are of great importance. This applies more expressly 
to Englishmen who, unlike most (Germans, have not been educated at 
two or more universities. In Naples there are brought to the student, in 
many cases by their originators, the ideas prevalent and the theories in 
course of development at a large number of foreign universities. One 
can see carried out, in the daily cour.se of practice, methods in vogue- 
abroad, and can at the same time observe the results of the.se method.s, 
form an independent opinion on their value, and be incited to suggest 
iuiprovement.s and new application.^. Besides these mutual advantages 
there is the further one, coiitinnally increasing in importance, wliioh 
consKsts in the obvious facilities for acquiring or improving a knowledge- 
of almost every Enropean language. 

So large a gathering of men engaged in original investigation cannot 
fail to create what for their younger a.s30ciate.s is a stimulating atmosphere- 
of researcl). The companionship of representatives of all the various depart- 
ments in biology, with necessarily difierent trainings, will and does culti- 
vate broader views and materially forward.s the desirable state of things 
in which one science aids in advancing another, and, like a symbiotic 
organism, derives equivalent benefits in return. In no other Marine Biologi- 
-cal Station are all the above circumstances combined as they are in that 
directed by Professor Dohrn, and in no other i.s the endeavour to make 
the institution truly international in cluaracter so prominent a feature in 
the programme, and so successfully carried out. This endeavour it is 
surely incumbent on the greatest seafaring nation to support by all pos- 
sible means, and an adequate amount of support ought surely to come 
from the British Association for the Advancement of Science. 
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III. A List of Naturalists lolio have worJced at the Zoological Station from 
the end of June 18D0 to the end of June 1891. 


Num- 


State or University 

1 Duration of Occupancy 


Naturalist’s Name 





List 

was made use of 

Arrival 

Departure 

559 

Dr. J. Rioja y Martin 

Spain 

July 1,1800 

Nov. 22, 

1890 

SCO 

Dr. A. Meshca . 

Italy 

2. „ 

Sept.2l, 


SCI 

Dr, M. Verworn 

Prus.sia , 

ft 

Dec. 25, 


502 

Prof. A. Della Valle . 

Italy 

7, „ 

Nov. 4, 


.503 

Dr. (i. Valenti . 

»♦ ... 

O”, 

Scpjt .30, 


504 

Dr F S Monticolli . 

M ... 

Aug. 1, „ 




505 

Sig. (i. Ma//aielli 

»» ... 

0 D » 




500 

Dr. 11 Rawilz . 

Piu.sMa . 


Oct. 15, 


507 

Dr. C. Crety 

Italy 


Nov. 22, 


508 

Tiai. Roija de G03- 

Spam 

» 17, „ 

Feb. 7, 

1891 


eiH'c'lie 





5(19 

Dr. V. Sal vat i . 

Italy 

Sept. 1, „ 

June 1, 


570 

Dr. J. C. Konings- 

Holland . 

0 D „ 

Dec. 25, 1890 


berger 





.w 1 

Dr. T. I’jiitner . 

Austria . 

V 1, 0 

Oct. 17, 


572 

Dr. C. \. VVirlmg- 

Piu.s<.ia . 

„ 13, „ 

Apr. 9, 189) 


liansoii. 





57.3 

Dr A liooss 

Saxoin 

la, „ 

Mar. 7, 


571 

:Mr. \V. 11 Melh 

Pritish Aw>ciation . 

Oct. 29, „ 

Jan. 3, 


575 

Dr. .1. Loeb 

»Stra.sbuig 

„ 31, 0 

Apr. 25, 


570 

Dr. M V. Davidofl . 

Zoological Station . 

Nov. 10, ,, 

Feb. 28, 


577 

Dr. (}. Maurea 

Italy . . . 

„ 21. „ 

June 1, 


578 

'I'en Anfjlada y Uava 

Spain 

« 24, „ 

— 


579 

Mr. G. bidder . 

Zoological Station . 


— 


580 

Dr. P. kSarimssa . 

Austria . 

„ 30, „ 

Mar. 27, 


581 

Dr. N, Slunino . 

Russia (Nhu \ ), 

Dec. 3, „ 

May 23, 


582 

Dr. .M. C’azweio 

Spam 


— 


583 

Sig. A. Pus'So . 

Italy 

22 

— 


584 

Mr E. J. Ple.s . 

Ihitish Association . 

1 22,’ 

I\Iar. 27, 


585 

Mr. Manuier 

Zoological Station . 

Jan. 1,1891 

Feb. 4, 


580 

Dr G Cano 

Italy . 

1, „ 



587 

Dr S. Pansuii . 

,, ... 

„ 1, „ 




588 

Dr. G. .Tatta 

»» ... 

„ 1, » 




589 

Dr F, UalTaelo . 

>» ... 

» 1, ,» 




590 

^Ir. A. Newsteail 

Cambridge 




591 

Dr. K. F.Wenckebacli 

Holluinl . 

P 

Juno 1 8, 


692 

Dr. D. Rergoridal 

Zoological Station . 

r. 22I " 

— 


593 

Dr. 0. Piirger . 

Hes.se 

Feb. :b „ 




694 

Dr. C. Fiedler . 

Switzeiland 

M 11, „ 

Apr. 24, 


595 

Prof. A. de Korotncff 

Russia 

,, 17), „ 

Mar. 24, 


590 

Mr M. Kaloujsky 

»» ... 

„ 20, 

May 5, 


597 

Dr. K. K. Schneider . 

Saxony . 

Mar. 5, „ 

— 


598 

Dr. G. Guagli.nnone . 

Italy 

,, 7, „ 

June 1, 


699 

Stud. P. Schottl under 

Prussia . 

„ 7, „ 

Apr. 17, 


600 

Prof. W. His . 

Saxony . 

11. 

., 8, 


601 

Dr 'W. His 

♦« • 

11. „ 

8, 


002 

Dr. F. V. Haberler 

Austria . 

, 1 2, „ 

.» ts 


603 

Prof. M. Holl . 

♦» ... 

M lii’, 

.. 6, 


604 

Dr. P. Kanfinann 

Prussia 

16, „ 

May 21, 


605 

Dr. E. Rallowit'/: 

Hamburg 

„ 21), 

Apr. 23, 

91 

606 

Mr. H. L. lUi.^scll 

Amer. ‘ Davis ’ Table 

20, „ 

— 


607 

Prof. J. Riickcrt 

Havana . 

„ 22, 

10, 


608 

Mr. S. F. Harnier 

Cambridge 

.. 20. „ 

„ 18. 

>9 

609 

Prof. A. Hansen 

Hesse 

27, „ 



610 

Dr. E. Rohde . 

Prussia . 

„ 30, „ : 

-- 
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III. A List op Naturalists— 


Num- 


State or Univer'.ity 

Duration of Ocenpanoy j 

ber on 
List 

Naturalist’s Name 

who^e Table 
was made u-^e t)f 

A 1 rival 

Departure 

611 

Dr. S. Kastiicr . 

Saxony . 

Apr. 2,1891 

Apr. 18, 1891 

612 

Prof. Hoppe- Seyler . 

Strasburg 

20, „ 

613 

Sr. S Prado 

Spain 

„ 1, M 

— 

614 

Miss Jvilia B. Plait . 

Amer. ‘Da\is’ Table 

,> ^ ,, 



615 

Dr. R. S. Bergh 

Zoological Station . 

»» 

JiineU, „ 

616 i 

Dr. 0. Maass 

! Prussia . 

„ 30, „ 

— 

617 1 

Prof. W. Schimke- 
witsch . 

Russia 

May 4, „ 

1 ” ” 

618 

Dr. A. 3a.«ichtbclicnko 

Rus.'sia 

„ 4, M 


619 

Mag. L. Kundsin 

„ ... 

14. 

June 12, „ 

620 

Dr. A Pasqualc . 

Zoological Station . 

June 1, ,, 

— 

621 

Mr. E, A. Minchin 

Oxford 

i oc 

j „ -N 

j 


IV. A List of Falters v'hich have heeu puhlished in the year 1890 hy 
the Naturalists who have occupied Tables at the Zouloyical Station. 


Prof. J. Steiner 

Prof. C. Lrandt 
Dr. T. Boveri . 


u 

»» 

Dr. F. A. F. C. Went 
Dr. C. de Briiyne . 
Prof. S. Apathy 

Dr. G. Cano . 

♦ I 


T. Groom & D. J. Loeb . 
Dr. F. Sanfehcc 

W. L. Calderwood . 

Drs. Kruse, Pansini, and 
Pasqoale 

. P. Mingazzini . 


Dio Fiinctionon dos Ccntralnervensy.steins* der wirbelloscu 
Tliicre. ‘ Sitz -jJor. K. Ih*ciis8. Akad. Wiss.,’ Berlin, 
18t)0 

Nouo Kadiolimonstudien. * Miith. Veieiii Schlcbwig-Holsl. 
Aeizto,' I81K) 

Lin uoscliloc htlich (‘rzeiiotor Olganl^^ms olinc iniittcrlichc 
higonsclinfton. ‘Sit/-l’oi. (ios. i'. Moiphologie u. 
Phy.sioloirio,’ Munchcn, Bd 1, ]S90 
Zellon-Studien, Deft d, Vi-Ihm da-' Vorlialtm der chromo- 
tischt-n Ki rn^ub-^taii/, otc. ‘ Jen.u Zeitbchr f. Naturw.’ 
Bd 21, Lsno. 

Uebor dio Niere <les Ainphioxus. ‘ Miinch. med. 
Woc‘heii''cbr,’ No 2<;, 1890. 

Die Knt>*tehuiig der Vacnoleii in den Fortpflanznngszellen 
der Algen * Jahrb. f. wis^, l^otanik,’ r)d 21, 1890. 
Monadine*, et (diytridiacees P.iiat>ite-. des Algues du 
Golfe de Xaple-*. ‘ Aicb de Biologic,’ 1. 10, 1890. 
r»eu<lubianchellion Marg6i(No\a fainilia lliiudiriearum). 
‘Aer/tl. natuiw.' Jb'richt tlc.s landl. Musoumvereins in 
Siobenbuigen,’ 1890. 

Sfiecie nuove e poco oonosciutc di Ciostacei decapodi del 
Goifo di Napoli. ‘Boll. Soc. Nat, Napoli,’ 1890. 
Moifologia deir apparecchio Hcs.suale fernminile, glandole 
del cemento c fecon<lazion<j nei Giostacei decapodi. 
‘ 3Iittli. Zool. St Neapol,’ Bd. 9. 1890. 

Der Hcl lotropi.sinus der Nauplien \on Balanus perforatus 
n. die j>erio<lisehcn Tiefenvvanderungen pclagischer 
Thiere. ‘ Biol. CV'iitralblatt/ Bd. 10, 1890. 

Contribute alia conoscenza di alcuno forme nucleolari. 

‘ Boll. Soc. Nat. Napoli,’ 1890. 

Contribute alia fisiopatologia del mi<lolIo dcllc ossa. Ibid. 
On the .swimming bladder and Hying powers of Dactylo- 
pterus volitaris. ‘Proc. R. Soc. Fdinburgh,’ vol. x\ii. 
1889-90. 

IaHueDza.studien. ‘ Ceritralbl. f, Bacteriologie u. Parasi- 
tenkunde,’ Bd. 7, 1890. 

Contribute alia conoacenzii delle gregarine, ‘ Ilendic. Acc. 
Linrei,’ (2) vol. 5, 1889. 

Sallo .sMluppo dei Myxoaporidi. ‘ Boll. Soc. Nat. Napoli,* 
1890. 
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Dr. P. Mingazziiii 
Dr. J. Loeb . 


Dr. F. Raffaele 
Prof. ir. Ambronn . 

Dr. G. W. Miiller . 
Dr. W. v! Scliibdei’ 
Prof. (i. V. Koch 
Dr. A. J‘asqualc 

Prof. N. Kafet^chciiko 
Dr. F S. IMonticclh 

F. K. WoLa .* 

Dr. S. Pansini 
]>r. M. V. Davidoir 
l)r. T. (!. Con . 

Dr. A. Me.'s.sca 


La parentcla dei Coccidi colie gregarine. IT/id. 

Weiterc Untersuchangcn liber den Heliotropismus der 
Thierc, etc. ‘ Arch. f. d. ges. Physiologic,* Bd, 47, 
18IK). 

Untersuchungoii ziir physiol. IMoiphologic der Thiere ; I. 
Ueber Ileteromorphosc. Wurzburg, 18130. 

Sullo spostarnento postembriouale della cavitA addominale 
nei Teleostei. ‘ ^Mittli. Zool. Station, Neapel,’ Bd. t), 
1890. 

Cellulose-Reaction bis Arthropoden u. IMollusken. Tbid. 

Ueber das Leuchten der Sapphinnen. Ihid. 

Das optischc Vcrhalten markhaltiger u. markloser Nerven- 
fasern. * Ber. Sachs. Ges. Wiss.’ 1890. 

Ueber llalocypriden. ‘ Zool. Jahrb.’ Bd. 5, 1890. 

Neue Cypridiniden, JMd. 

Ueber die llarnstoflbildung der Haifische. ‘ Zeitsclir. f. 
physiol. Chemie.* Bd. 11,1890 

Dio s>stomatischc Stellung von Sympodium coralloides. 
‘Zool. Jahrbucher,* Bd. .5, 1890, 

Ulteriori nccrchc sugli Strepfcococchi delle JMucosc, etc. 
‘Giorn. intern Scienze Med.’ anno 12, 1890. 

Sulla presenza di laive di Ditteri nell' Intestmo di alcuni 
fabbrieant i di Ma^^sana. Ibid. 

Le teniedei polh di Ma''.sana Jh/d. 

Ueber den Reifungsjjrocess <lcs Selachiereies. ‘Zeitsclir, 
f. wiss Zool.’ Bd. ."O, 1890. 

Di una fonna terat()logica<h Bothriocephalus microcepha- 
lus Bud. ‘Boll. Soe Nat. jn Napoli,’ 1890. 

Note elmintologiche Jfnd, 

K.xcret(;ry Tubuh's in Amphioxus lanccolatus. ‘Quart. 
Journ. Micr. Science,’ noI 81, 1890. 

Bactciiologische Studien ubi>r den Auswurf. ‘Virchow’s 
Arehiv/Bd. 122, 1890. 

Untersucluingen zur Kntw. (Jesch der Distaplia u^agni- 
lar\a, tie. ‘.Mittb. Zool. St. Xtapel,' Bd 0, 1890. 

Untersuchungen uber du* Anatoiine u. Histologic der 
(tattling rboroiiis. ‘ Zeitsclir. wiss. Zool.’ Bd. 51, 1890. 

Contribuzioiu' alio studio «h‘lle ciglia doi Batterii, etc. 
* Ri\ista d’Jcriene e SaiiitA Pubblica,’ anno 1, 1890. 


V. A List of XdfHrttlIsfs, to ivhoni Spociiucus have been sent from the 
end of June 181)0 to the end of June 1891. 

Lire c. 


July 

1 

Prof Ch. Jiilin, Liego 

Ampbioxus . 


13-30 

” 

(i 

Physiol. Dep., Univeisity, Edin- 
burgh. 

Various 


15-GO 



Dr. 1’. Pelseneer, Ghent . 

M oil u sea 


12-05 



Zool. In.stitute, IVile . 

Embryos 


21-20 


• > 

University College, Dundee 

Pantopoda . 


13- 



Anatom. Institute, Strasbuig , 

Kmbrytis of Dog-lish 


20-40 



Dr. n. Fowler, Plymouth . 

Jdothea 


905 


10 

Laboratoire de Zoologie, Vime- 
reux. 

Cymotlica, Squilla 


7-80 


11 

G. B. Paravia Sc Co., Home 

Collection . 


204-85 



Musee Cantonal, Fribourg 

Collection . 


200- 



M. A. Elofto, Paris . 

Coelenterata 


39-45 



Anatom. Institute, IMunieh 

Head of Heptanchus 


17* 


15 

Museum, Darmstadt 

Orthagoriscus Molai 


34-95 


19 

Mr. P. Jamieson, Dunbar. 

Amphioxus . 


7-60 


25 

Zool. In.stitute, Bonn 

Collection . 


600- 


,, 

M. A Eloft'e, Paris . 

Cirri pedia . 


20-55 


,, 

A. Dair Eco., Florence 

Antedon, llyaleie 


4-15 


29 

Prof. Ciaccio, Bologna 

Embryos of Lopbius 


2G 15 
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July 

29 

Mr. G. B. Bide wood, Plymouth 

Engraulis 

Lire c. 
1315 

:u 

Faculty des Sciences, Nancy . 

Asterias 

6-95 

Aug. 

5 

Zool. Institute, Berlin 

Eggs of Cephalopoda , 

6- 15 


21 

Natural History Museum, Ham- 

Collection . . ^ 

431-30 

’’ 


burg. 

Mr. H. Kreye, Hanover 

Oolleetion . 

2320.‘'> 


jj 

Dr. P Ca.^'anova, Valencia 

Amphioxus, .k Embrj'os 

6f>r> 



Polytechnikum, Zurich 

Colleetion . 

757-00 


,, 

Zool. Laboratory, Zurich . 

Collection . 

416 0") 



Veterinary School, Zurich 

Collection . 

71-15 


„ 

Dr. Killian, Freiburg 

Embiyo.s of Torpedo . 

4 80 


26 

Prof. R. Bergh, Copenhagen 

(’onus nieditcrr. . 

5-60 

Sept. 

10 

Mr. W. Schhiter, Halle " . 

Collection . 

1 46-50 


»> 

National ^luseum, ^Melbourne . 

Collection 

2 124 -.50 

,, 

Alorphological La bor.it ory, Cam- 

Ampliioxus . 

54-65 


12 

bridge. 

Mr. F. Ho\drieh, Langenvalza . 

Alga‘ .... 

7-10 


22 

Zool. Instit., Berlin . 

Mateiial for dissection 

363 95 


27 

Mr. E Halkyard, Knut^ford 

Dredging iiiatciial 

50- 

Oct. 

3 

Kbcrbach vV Son, Ann Arbor 

Coilt'ction 

.") 77 - 6.5 


*» 

Mr. G Tauliani, Stuttgart 

S.irgassuiii . 

.5 .5.5 


7 

Museum of Vertebrate'^, 

Pisces .... 

91 20 


8 

Floiei ce. 

Mme Vnnont, Paris . 

Se]>ia .... 

5-40 


14 

Z*)olog. Institute, Liege . 

Siphi)n')[)hnia, \arious , 

206 95 


15 

Dr. 11 Diu'sch, Ztirich 

Antennularia 

15-25 


20 

Prof (J. \'imercati, Florence 

Collection . 

41-45 


>■* 

Mr. li. D.iinon, Weymouth 

Amphioxus . 

24-40 

,, 


Municipality. Berlin 

( ’ullectinu . 

62 1 5 


21 

Oborrealschule Secli>hau'', 

Colh'ction . 

140- 

Kov. 

4 

Vienna 

Zool Institute, Perugia . 

Ernhrvo.s of Torpedo . 

10-65 

i» 

„ 

Emb. Laboratory Universit}', 

Pal}tiioa, Astroidcs 

12-40 

*) 

•j 

Edinburgh. 

Dr Killian, Freiburg 

Kmbrvos of 'I'orpedo . 

1 1 0.5 


8 

G\ rnna.'-iuin. ( Joi z 

Colleition 

00 - 


10 

Vetei mat v >elior>l. Dre-^den 

Colenteiata 

115 



Indian Museum, Calcutt.a . 

(’nlb'Ctlnn 

12-.50 



Dr A Hansen, Ibirmstadt 

Corallines 

6 50 

" 

19 

Zool Institute, B:ilc 

Cdlleetion 

265 05 



Dr .1 Kober, Bale . 

V.anous 

32-10 



Zool Mu'-eurn, Berlin 

Collection . 

207-65 


22 

Zootoni. Institute, (’harkoff 

Various 

72-70 


26 

Mr. H. Aj’er", Milwaukee. 

Amfliioxus . 

102-75 



University Colh''jre, London 

x\mi)hio\us 

2 4-30 



A. Pichler’s W' vV Son, 

Varimis 

16-0.5 

>» 

»» 

Vienna. 

Cornp Anat Cab , Most-ow 

Balanoglossvis 

4-70 



Dr J. Beard. Edinburgh , 

Krnbrjo of Scylliuin . 

15-10 

” 

27 

I>ab. physiol. Jurdin hot., Brus- 
sels 

Zool. Inst., Bonn 

Living Styptocaulon 
Sroparium 

Echinodermata, Sepia 

6-10 

BH>- 


29 

Mr. V. Vri6, Prague . 

Coralliuni, var. . 

108-.5.5 

*> 


Mr. W. Schhiter, Halle a/S. 

Variou.s 

120-7.5 

Dec. 

9 

Morj)hologi cal Lalxiratory, Cam- 

Sipunculus . 

19-30 


«y 

bridge. 

Mr. G. Schlatter, Catania . 

Vaiious 

19-46 



Zool. In.st , Munich . 

Ciona, \C. . 

44-70 


11 

Zool. In.st., Jena 

Various 

ior -10 


18 

Palacontol, Inst., Munich . 

Lithotbamnion . 

10- 

>• 

»» 

Mr. R. Damon, Weymouth 

Arnphio.xiis . 

24-10 


,, 

Mr. V. Hess, SchIo«*s Wald^^tein 

Cauleipa 

7-75 

„ 


Mr. V. Fn^*, Prague , 

A'^arious 

34 25 



1890. 


1891. 
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Dec. 

18 

Rev. A. M. Norman, Barumoor 

Collection . 

Lire c, 
3GO-85 

)» 

20 

Rectory. 

Owens Colleg^e, Manchester 

Living Murex 

25* 


22 

Zool. Inst. Freiburg i/i>. . 

Ilydroid Polyps, Cope- 



31 

University College, Londun 

pods 

Ciona .... 

53 05 
80*25 



lilr. L. Loeb, Zuricli . 

Collection . 

200* 

Jan. 

f) 

Mr. A. Ticdcniann, Kiel . 

Corallium, S.c. 

72*75 


6 

Znol In‘^t , Greifswald 

Ciustacea . 

44*95 

)» 

,, 

Universite (Jatholique, Louvain 

Cru.stac(‘a . 

15 80 

j» 

10 

Morjiliological Laboratory, Cani- 

Salpn 

300*15 



biidge. 

Zool. Inst , Breslau . 

Mollusea 

3G 20 



Zootorn. (-abinet, Warsaw 

Knibt\os()f Selachians 

22 -.50 


12 

Ml J llorni'll, Kgremont 

Annelida 

13 10 

,, 

13 

Mdnie. E Marie, l*aris 

Si])honophora 

32 15 


11 

M. L(‘sinewski, Geneva 

Skins oi Dog-fish . 

2*75 


17 

idiiiiNtiy of Marine, Madrid 

Collection 

948*70 


21 

Zool. (’abinet, Moscow 

Collection 

253 45 


,, 

(») rnnasiuni, Hradec-Kr.ilove . 

Collection . 

34 G5 


21 

K Hollowav College, Kghani 

Collection 

90 

,, 

27 

Brof. Anibronn, Leipzig 

Bones of Sepia 

15 

,, 

31 

Zool Inst ,Sliasburg 

Salmaoina . 

4-()5 

Feb. 

3 

Univ Collegi*, Abe ryst with 

Vanous 

24 30 



S.’ie. (f Bibbni, Balenno 

Bhizostoma . 

10 


5 

Univ Museum, Oxford 

.•\inpbioxus . 

41*95 

)> 

IG 

Mr G. 8c‘lineider, B.ile 

Vanous 

59 85 



Dr von Ltuidenfeld, Innsbruck 

Ab}la 




20 

Miiseo ]\Iunicipal, I’oiita Del- 

Crustacea, Pisces . 

141*40 


28 

gada. 

M iiseo Cu ico, M dan . 

Pisces .... 

55*05 



l’ii*t G beine\, (di.itcau d‘.\ex 

(^olk'ct ion . 

84 55 



I’lof Rabl Ruekhaid 

Brains of Tin tics 

28 1.5 

Maidi 

5 

Univ. College, London 

Col lee lion . 

2G9 1 5 


,, 

Medical I'olloi^e, 3Iadras 

Vanous 

197 95 

,, 

10 

Zool. iMiiseum, Naples 

Collei'tion . 

108 35 



Mr G Blit lei, Surbiton 

PllstU’IUS 

it;*G0 

•1 

,, 

Mr. F. 11 but ler. Lon« loll 

Auipluoxus . 

21 *7.5 

?» 

11 

Owens College, .Maneliesit i 

Collection 

2.51 *05 


,, 

Dr N'isst\ Frankfurt a .M 

'i’oipedo, Am[)hioxus . 

10 45 

>> 

,, 

baion d<‘ S. .I<\seph, Pans 

Annelid, i 

14*85 

5? 

l.-» 

Prof A d«‘ Koiotm'll, Kiew 

Colk-etion 

50 


IG 

Mr. A DuiiektT, Hanibuig 

Lopliius, Dactylopterus 

7 45 


21 

Lab. d(' Zt))Io;jio, 

Collection . 

648* 

,, 

,, 

Dr, W Felix, belp'/.lg 

Amphioxus . 

17*35 


27 

Zool lust , St rasburg 

Salpa, Pyio.soina . 

7*05 

April 

3 

Pi of 'I'l (Midelenburg, Bonn 

Vanous 

20* 

.» 

,, 

A. Pielilei s M N Soi 

Pcl.igi.i 

31‘G5 



^’'i<'nn.l 

Zool lust , Beilin 

Collection . 

491*25 

j» 

11 

Britisli Museum, London . 

Collection . 

1000* 


,, 

An.'it bust , IFuiii 

Lepas .... 

11*85 

>• 

17 

Analoin Inst , Groningen . 

Amphioxus 

12*75 


21 

K. 1st. 'I’eenieo, Rome 

Collection . 

239* 


23 

Anatom. In.st , Greifswald 

Collect ion . 

1000* 

,, 

,, 

Phjsiolog „ 

Various 

130 60 

,, 

21 

Mr. V. Fin', Prague . 

Pelagia, Corallium 

98*45 

,, 

30 

Morphol Labor., Cambridge 

Sepia, Amphioxus, Pelagia 648' 

,, 

,, 

Rotauieal „ „ 

Accotabularia 

11- 

,, 

,, 

Mr G. Bertiiel, Steinpleis 

Collection . 

100* 

May 

1 

Zool. Inst , Stnisburg 

Aygineta, Ailquorea 

8*25 

„ 

2 

Zool, Inst,, Freiburg i/B . 

Vanous 

19 85 

»» 

M 

Lab. de. Zoologie, Lyon . 

Cucumaria, Petromjzon 29‘ 
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1891 

Jlay 

4 

Marine Biol. Lab., Wood’s lloll 

Amphioxus . 

70*80 



7 

Mr. A. Tiedemann, Kissingen . 

Siphonophora, Ac 

r>;p60 




Dr. W. Sclnvabe, Leipzig . 

iMurex 

29* 




m\ W. Scbliiter, Halle . 

Various 

152-85 




Lyceum, Graz .... 

Various 

55*70 



9 

Zool Inst , Tomsk, Siberia 

Various 

97-25 



10 

Prof. G. Sillier, Bern. 

Various 

62 8.5 



11 

Anatom. Inst., Gioningen 

Embryos of Pristiurus 

42-25 



12 

Mr. J. Temji^re, Pans 

Various 

27‘25 




Uiu\ersity, Edinburgh 

Various 

2.>-20 



16 

Kunstgewerbeschule, Karls- 

Collection . 

112-45 




ruhe i/B. 





20 

Zool. Inst., ^loscow . 

Collection . 

160-90 



20 

Zool. Sammlung, Polytechnic, 

Collei'tion , 

1189 05 




Zurich, 






^Ir M. Kaloiijskv, Moscow 

Collection . 

.200- 


>5 


Zool Inst., Gottingen 

Aienu'ola . 

6, 8.5 


June 

1 

Prof Ch duller, Bein 

Collection . 

122 85 




A Pair Keo.. Florence 

Rhizostonia, Ancmoiiia 

12-20 



5 

^Ir. S. Broci, 8icna . 

Collection . 

106 95 




Ml I. (\ Thompson, Liverpool , 

Collection . 

1 60*. -)0 


,, 

6 

Mr. J. Tempore, l\aris 

VanoiiN 

60-25 


,, 

14 

‘ Linmea,’ Nat. Hist Iii^t , 

C«)llectinn . 

S2!t 10 




Berlin 




,, 

,, 

Prof 11 E. Ziegler, Fieihurg i B 

Einbi \ os of '1 oi pedo . 

12 80 




Lab, di Fatal (ien , Bologna 

Piistiiirus 






and J.aceit.'i 

1 8 70 



16 

Dr. Killian, FrcihiiiL: i B 

Kinbi vos of Torpedo . 

12 95 



18 

Veter. Inst , D<»i pat 

( 'itlleel loll . 

287 60 




A, Pair Eco , Florence 

>C} Ilium 

5-70 



19 

J)r. 0. vom Bath, Fieibuig B . 

Cymothoa, Anilocia . 

6 20 




Paheontol. In^tit , ]\lunieli 

Ascetfa 

8’55 



21 

Realsehule, Xordlingen 

Collection 

no- 



22 

Univei''itv Colletrc, Lon<lon 

Sipiilla, vVc. 

70 05 


It 

27 

Zool. Inst'. Halle 

Cephalo})oda 

IOI-L'5 




I’rof B Bergh, Co[>enliagen 

Conus rnedit. 

7 85 


1* 

20 

Zool I.<il) , rtn oht 

I’orpodo 

1 2 25 




Anatom Inst., Dorpat 

Emb. of Pj istiiirii> 

:19 9(t 






i 1809-20 


RepoH of the Committee^ coonlnthig of Professor A. Hvddon, 
Professor W, A. Hehdmax, Mr. \V. P]. Ho^le {Secretdry)^ 
appointed for improving and experi^tacntiny d-Uh a Deep-sexi 
Toiv-net, for opening and cJosukj under v'uler. 

The Committee have devised and bad constrneted an improved form of 
the apparatus for opening’ and closing the tow-net by an electric current, 
which will be exhibited at the forthcoming meeting of the Association. 
Their efforts to obtain an opportunity for experimenting in deep water 
have not been successful, and hence the money destined for the purchase 
of an electric cable of considerable length has not been expended. Tlie 
Committee suggest that they should be reappointed, and a sum of 40/. 
(including an unspent balance of 27/. 14>?. 6d., which has been returned to 
the Treasurer) should bo intrusted to them. 
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Report of the Committee^ consisting of Dr. J. H. Gladstone 
{Chairman), Professor H. E. Armstrong {Secretary), Mr. S. 
Bourne, Dr. Crosskey, Mr. G. Gladstone, Mr. J. Heywood, 
Sir John Lubbock, Sir Philip Magnus, Professor N. Story 
Maskelyne, Sir H. E. Koscoe, Sir E. Temple, and Professor 
S. P. Thompson, appointed for the purpose of continuing 
the inquiries relating to the teaching of Science in Elementary 
Schools. 

Last year your Committee had to report very considerable changes in the 
code of regulations issued by the Education Department which bore upon 
instruction in scientific subjects in elementary schools, and also certain 
additions to the Science and Art directory consequent thereon. As these 
only began to take effect from September 1 last the returns of the 
Education Department, issued this year, which extend down to August 
31, deal entirely with the results of examinations under the old code. 
They are therefore strictly comparable with those of the seven preceding 
years. 

The following table gives the number of departments of schools in 
which the several class subjects have been examined by H.M. Inspector 
during each twelve months : — 
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The number of scholars examined in the scientific specific subjects 
during the same period is as follows : — 


,Si)Cfill<’ Sllbit'ct.. Cllllilp'U 

1882 3 

1883 4 
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The first of these tables shows that, while during the year there were 
151 more departments that took at least one class subject, there were 19d 
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more in which geop;Taphy was taught ; while, on the other hand, there 
were only 32 in all that took up elementary science, the lowest record of 
any of the years under review. 

On comparing the figures for the several specific subjects in the second 
table with tlie number of scholars qualified to take any two of them 
under the rules of the Code, it will be found that there has been an im- 
portant increase over the previous year in the study of algebra, mechanics, 
chemistry, and magnetism and electricity ; but if the comparison be made 
with the year G, or any of the preceding years, it will bo found that 

this year’s retarn still shows a relative, if not an absolute, falling off in the 
study of every one of the subjects, except meebaniesand chemistry. 

The general result shows tliat tlic slight iiirii in the tide as to the 
percentage of .scholars tanght these sjiecific subjects as compared with the 
number that might have taken them, which was just remarked in last 
year’s report, baa been more than maintained. Tt yill be apparent from 
the following tabic : ~ 
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, 

29 0 per cent. 

„ 1883-4 . 



, 2Gn 

„ 1884-5 . 



. 22 G 

,, 188.VG . 



. 19 9 

„ 188G -r . 



. 181 

„ 1887-8 . 



. I<i9 

„ 1888-9 . 



. 17 0 

„ 1889-90 



. 18 1 


This result is mainly due to the oyierations of the School Boards for 
London, Liverpool, Birmingham, and Xottinghani, which have given much 
attention to the teaching of mechanics, in .some cases under the peripatetic 
system and in others in special schools 

The code of regnlai ions which has been issued this year by the Educa- 
tion Uepartnient euiitains only two altcu-atioiis that call for notice. 

The one con.si.st.> of the following note* to the woik letjuired under the 
bead of Arithnietu; in Standanl I\ . (Scliediilc I.) — ‘ ’J’hc scholars in 
Standards V., VI , and \ 11. should know the iirincipli'S of the metric 
system, and be able to explain the advantages to lie gained from uniformity 
in the method of forming niultiplcs and sub-multiples (T the unit. As a 
preparation for tliis it will be useful to give in Standard JV. elementary 
les.sons on the notation of decimal fraction^,,’ This reintroduces the study 
of the metric sy.'.tem which was drojiped in tlic year 187 1. 

The otlier is the addition of ano(h(‘r alternative conrsi' of elementary 
science (Schedule II., Course I.), called ‘ lessons on corninoii tilings.’ The 
coarse laid down for tlio several standards is as follows : — 

^ ^Standiird-^ I. and II. — Thirty object lessons on tbeebief tribes of animals 
and their habits, and on common plants and tlit ir growth. 

‘ Stand(frd III . — Common inorganic sub.stances and their properties. 

‘ tStandnrd IV. — Simple mechanical law.s in their application to common 
life and industries. Pressure of liquids and gases. 

‘ Standard V. — Simple chemical laws in their application to common 
life and industries. 

* Standard VI . — Outlines of physiology in its bearing on health and 
work. 

‘ Standard Vfl —Other simple physical laws, such as those of light, 
fecat, Ac.’ 
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It is doubtful whether this will prove acceptable, as it involves a wider 
range of study than any of those going before, in which the same subject 
is carried onward from year to year. In so far, however, as the title is 
concerned, the institution of this Course marks an advance in views, and 
is a valuable recognition of the principle that in teaching science in ele- 
mentary schools it is important to base the instruction on common objects 
generally. 

Last year the Xationjil Association for the Promotion of Technical 
Education endeavoured to obtain some inodilications of the alternate 
courses of elementary science in Schedule It., and your Committee also 
drew especial attention to certain points of which they disapproved. No 
alteration, however, has been made. They can only express the hope that 
tliis importnnt schedule will be carefully revised for the code of next 
year; and it seems highly desirable that the revision should be carried out 
with the assistance of some of the teachers who have giveu special atten- 
tion to methods of teaching science. 

It is stated at pp. 28, 29 of the Code that ‘ it is intended that the 
instruction in elementary science shall be given mainly by experiment and 
illustration. If these subjects are taught by definition and verbal de- 
scription, instead of making the children exercise their own powers of 
observation, they will ho w'ortldess as means of education.’ It is here 
clearly implied that the oh)(‘ct of instruction in elementary science is to 
lead the children to cxtrch^f- thrir jiowrrs oj al'icrvaf inn hut it is much to 
be feared that the methods generally adopted in teaching the subject do 
not satisfy this requiroinent, and it is highly important that ampler in- 
structions should be placed before teachers. Yalnahlc and instructive as 
are class lessons, w'hether ‘ conversationtd object lessons’ or lessons freely 
illustrated by experuin'nt, experience shows that their effect is but too 
often e[)liemeral , and, above all, it is to be ft'ar('d that they do little towards 
developing the poNNcr of indep(‘ndent ohsorvation, as in such lessons 
ehildron do not learn to do things themselves, but gain their information 
from the teacher. 

The Committee desire most strongly to urge that the time has now 
come when evei*y etl’ort should he made to introduce experimental lessons, 
especially measurement les.soiis, into schools; in other words, that the 
children should he set to do simjilo experimental exercises themselves, not 
merely to attend lessons, li.stening to and taking notes of what is said. It 
is now ch arly recognised that even in the case of students of a far higher 
gi’ade than those in the elementary schools practical instruction should 
alw^ays accompany lectures and demonstrations, and this must be all the 
more necessary m the case of young children. In the higher standards 
not only the observing fuenlties, hnt also the reasoning faculties, should 
he brought fully into pla}* in the practical le.s.soiis. It may be added that 
in the course of the measurement lessons, even in the lower standards, 
opportunity would be given to the children to compare the English with 
the metric system, and thus the knowledge of tliivS latter, which is now 
required of the higher standards, would bo easily acquired. 

If attention bo once directed in the Code to the necessity for instruc- 
tion of the kind suggested being given, there can be no doubt that suit- 
able sets of })ractical exercises will soon be devised and carried into 
practice. Tlie non-recognition of their iinportauce is at present the chief 
bar to the introiluction of such practical exorcises. 

Science demonstrators have recently been appointed by the School 
1891. c 0 
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Board for London, in addition to those referred to in former reports, who 
are endeavouring to initiate practical work by the scholars in a number 
of the schools under their charge. The results of their work are to bo 
awaited with interest, as there can be no doubt that when it is once 
show'll that children in elementary schools can be taught to experiment 
for themselves, and thereby acquire the habits of accurately observing 
and later on of reasoning from observation, no great delay will arise in 
introducing such teaching into schools generally. 

There is little hope that any but specially trained teachers will bo able 
satisfactorily to conduct experimental teaching with the object of incul- 
cating scientific habits of mind. Hence, bearingdn mind the probability 
that a revolution in methods of teaching is clearly foresliadowed, and that 
the action of the Government in proviiling funds for technical instruction 
is having a most important influence in encouraging applied science 
teaching, it would seem highly desirable Ihut the teachers in training 
should be prepared to do what will be roc[uircd of tlicm. As it will bo 
their object to teach scienfinc m*>t}uKl, it is all-important that their own 
training in this direction should be as ample as possible, and tliat they 
should be led to recognise more clearly tlian is done at present what is 
the object to be gained in introducing elementary science into schools ; 
that the of facts— not mere facts — is to be taught. 

Though the scholars of elementary schools wlio are working in the 
standards are excluded from ])articipation in the grant out of the lieer 
and spirit duties, the application of this fund will have an indirect intln- 
enceupon elementary education, and your Committee note with satisfaction 
that throughout Engl and and Wales only two counties liave refused to 
apply any portion of the grant to technical education, and that all the 
rest, with the exception of eight, have applied tiie entire grant to that 
purpose. This (‘xtension of technical in.stniction among the ex-standard 
children, and the scholai’s iu evening schools, w’lll render the preparatory 
W'ork in the elementary schools all the more important. 


Third Report of the Coramitteey consldlnr/ of Sir J. N. Douglass, 
Proff‘ssor Oshohnk Eeyxolds, Professor W. C. Unvvix, and 
I\Iessrs. W. Toe^luv, K. Luadkk Williams, W. Siielfoud, 
Cr. F. Deacon, A. K. Hunt, W. H. Wiieelei{, W. Anderson, and 
H. BAMFriuD, appointed to investif/ate the Action of Waves and 
Citrrenfs on the Beds and Foreshores of Estuaries by means 
of Working Models* 

[I’LATES il.-XIV.] 

The Committee held a meeting iu the rooms of Mr. G. F. Deacon, 
32 Victoria Street, Westminster (July 20, 1891), and considered the 
results obtained since the last report. Professor Reynolds reported that 
by the date of tlie meeting of the British Association the objects of the 
investigation would be accomplished, and suggested that it would not be 
necessary to continue the investigation beyond that date or to apply to 
the Association for reappointment. These suggestions wore adopted, and 
it was rc.«olved that the thanks of the Committee be communicated to tlio 
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Council of the Owens College for the facilities afforded for conducting the 
experiments in the Whitworth Engineering Laboratory. 

Having considered the disposal of the apparatus, which has no 
pecuniary value, the Committee resolved to recommend the Association 
to place it at the disposal of the Owens College. 

At a second meeting held in the Committee room of Section G at 
Cardiff the report submitted by Professor Reynolds was adopted. 


On Model Estuaries. 

Bij Professor Osuoune Reynolds, F.E.S.j M.Inst.G.E. 

§ I. — Introduction to Report III. 

1. In accordance with the suggestions in the Second Report, read at 
the Leeds meeting of the British Association, the investigation has been 
continued witli a view — 

(1) To obtain further information as to the final condition of 
equilibrium with long tidal rivers entering the head of a V-shaped 
cstuary. 

(2) To obtain a more complete verillcation of the value of the criterion 
of similarity. 

(d) To investigate the effect of tides in the generator diverging from 
.simple harmonic tides. 

(4) To determine the eoniparativ e effect of tides varying from spring 
to neap. 

Opportunity lias also been takini : ■ 

(o) To investigate the effect of prolonging tlie walls of the river into 
llic estuary tbrongli the bar wbicli was below low water, with prolonga- 
tions reaching np to low water, and others reaching up to lialf-tide — this 
being done in both models, so that tlie similarity of the effects might be 
seen; and 

(6) To investigate tbe effect of rendering tlio estuaries iinsym- 
metrical by means of large groins, and so to test the laws of similarity 
obtained in the symmetrical estuaries as applied to unsymmetrical estu- 
aries. 

2. The two models have been continuously occupied in these investi- 
gations, when not stopped for surveying or arranging fresh experiments. 
In this way each of the models has rnn b00,000 tides, corresponding to 
840 years. These tides have been distributed over six experiments in the 
largo tank E, and four in the small tank F, in number from 50,000 to 
250,000. 

3. The experiments have all been conducted on the same system 
as described in the previous reports. 

All the experiments but one have been made in tanks E and F, with- 
out further moditication ; and in all these land water to the extent of 
0*5 per cent, of the tidal capacity per tide has been introduced at the top 
of the river. 

Initially, the sand has been laid to the level of half-tide from Section 
13 np the river to Section 20 down the estuary. The vertical sand gauges 
distributed along the middle line of the estuary have been read and 
recorded each day. Tide curves have been taken at frequent intervals. 
Contour surveys have been made, generally after 16,000 tides, and again 

c c 2 
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after 32,000 ; while in the longer experiments further surveys have been 
made. With the spring and neap tide, the rate of action being much 
the slower, intervals between the surveys have been longer. In all 26 
complete surveys have been made, and 20 plans showing contours cor- 
responding to every 6 feet reduced to a 30-foot tide, together with sections 
and tide curves Plate III., are given in this report. 

The geneml conditions of each experiment, together with the general 
results obtained, are shown in the table, wliile a description of each ex- 
periment is given in § VI. 

The Committee have been fortunate in rciaining the services of ^Ir. 
Greenshields, who has carried ont the experiments, observing and record- 
ing the results, besides executing such inodiHcations as have been required,, 
designing the compound harmonic gearing for the spring and neap tides, 
which has auswered excellently. 

Mr. Bamford has kindly continued his assistance in conducting the 
investigations and reducing the results. 

§ II. — Gen’ekal Resi’lts and Conclusion?. 

4. The conditions of equihhrinm with a lomj tidol rircr entering at the 
top of a V-shaped estuanj. — The experiments in tanks C and E made last 
year led to the conclusion stated in Art. 11 of the Second Report : ‘ that 
the effect of a river 50 miles long, when reduced to a 30-foot tide, incrcas- 
ing gradually in width until it enters the top of a V-shaped estuary, is 
entirely to change the character of that estuary. The time occupied by 
the water in getting up the river and in returning causes this water to 
run down the estuary while the tide is low, and necessitates a certain 
depth at low w’ater, which causes the channel to be much deeper at the 
head of the estuary. In its effects on the lower estuary the experiments 
wdth the tiilal river are decisive, hut as regards the action of silting up 
the river further investigation i.s required, both to establish similarity in 
the models, and to ascertain the ultimate condition of tinnl equilibrium.* 

From this year’s experiments, III., IV., V , VI., and VTl., in tank E, 
and V. and VI. in tank F, it appears that if the length ej the tidal rirer, 
reduced to a tV)-foot tide, is 50 miles; or tithing K for the length, of the 
tidal riv*')’ in miles and h for the rise of tide at the mouth if the cstuarg in 
feet, if 

R=8-5v/A 

the river teill heep open so that the tide will rise to the tn}>, the sand falling 
gradually from the top (f the river to the level of about mean tide at the 
movih. 

That the depth of wafer in the river and at the. top of the ebtnary increases 
rapndlg ivith the length of the river., and when 

R=12v^/t 

the level of the sand at the mouth of the river will he more than h feet below 
the level (f low vjafer and the bottom will he below low water level for more 
than half the length of the river above its mouth. 

5. The similarity of the results in the tanhs E and F. — The experiments 
in the tanks E and F this year confirm those of last year in showing that 
during the early stages of forming the estuary from sand at the level of 
mean tide the action in the river is different in the small tank F from 
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what it is in tho large tank E, although the value of the criterion of 
similarity h^e ^ may be bub little below 0 00. 

It was not found practicable to get the value of tho criterion any 
greater in tank F, but it was found on diminishing the rise of tide in tho 
largo tank E until the criterion had a value 0*00, that the results were still 
similar, although the rate of action and tho increase in tho size of tho 
ripple indicated that the limit was being approached. That the dissi- 
milarity in tank F was only tho result of a phase in the formation of the 
estuary was also definitely shown by the effects of dredging out the sand, 
which was above the initial level in the river during the early stages of 
tho Experiments V. and VI., after which the action in tank F resumed 
tho same course as that in E, and led to the same final condition of 
equilibrium, showing by tlie rate of action and size of ripple that the 
limit of similarity was approached. 

It thus appears that with such arrangements as these tanks represent 
there are two possible conditions of final equilibrium. 

Tho one is that which has uniformly been presented by tank E, and 
ill Experiment V. in tank F after dredging ; namely, tlie tide rising up to 
the to}) of the river and keeping the sand low in the estuary. The other, 
that \\liieh was presented lu Experiments L, 11., IIL, and IV., in tank F ; 
namely, tho sand at the to}) of the estuary rising to high water level, as it 
would do if there were no river, choking the mouth of tlie river except 
BO far as nec’essary to allow the land water to pass, and so [preventing any 
tidal action from the river. 

Which of these two conditions tho rlv(‘r will assume during the process 
of forming the estuary a}){)ears to be a critical matter, decided by whether 
the tidal action of the river in lowering the sand at the head of the estuary 
predominates o\'er the tendency of the tide in the estuary to raise the 
sand at tho mouth of the river. 

There is a possible condition of instability between the river and the 
estuary. Tho emphatic dilfereiicc in the action of the long tidal river and 
mere tidal capacity at the head of the estuary in keeping down the sand 
at tho head of the e.stuary ; and, farther, tlu' very great effect which an 
increase in tlie length of the river has on the depth of water in the estuary 
and in tho river are clearly shown.- lu Experiments III. and V. in tank 
E, an increase of from 50 to 70 miles in the length of the river in V. 
causing the depth of water to increase from by 40 to 30 feet all down the 
river and e.stuary, lowering tho sand in the lower river and upper estuary 
from the level of Iialf-tido to 28 feet below low water. In neitlier of these 
experiments was the condition of instability reached, but 50 miles was 
very near the limit. 

Ill sucli a slate any diminution of the upper tidal waters of tho river, 
by shortening the river or by land reclamation, might well have caused 
the critical stage to be [lassed and caused tho river to silt up — ^just as in 
tlic other way the increasing of the tidal capacity high up the river by 
dredging in Experiment V., tank F, caused the critical stage of silting 
up to bo passed and tho river to open out. The sand actually removed 
in this experiment by dredging was 8 per cent, of the tidal capacity, 

' h is the actual ri.se in feet, o the vertical exaggeration as referred to a oO-foot 
tide. 

See Plate IV. in which the .sections of the riveis and estuaries in tank C, 
Experiment II., and tank K, Experiments III. and IV. are plotted to the satno 
vertical and liorizontal sea!e.s. 
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or 400 million cubic yards, removed at the rate of 7 million cubic yards 
a year. 

In most navigable rivers two processes have been going on — dredging 
and land reclamation — the first tending greatly to improve the rivers and 
estuaries, the second to deteriorate them so that any improvement has 
been a question of balance. Where the rivers have improved they will 
probably continue to improve so long as dredging goes on, but if the 
dredging should stop, for example in the Thames, there would in all 
probability be a gradual deterioration, possibly ending in the silting up of 
the tidal river. 

6. The effect of Tides deviatlmj froui the simple IlavDioiiic Laiu. --One 
attempt was made to study this question, when it was found that it would 
require such modifications in the gearing as were not practicable in the 
time, and so it was abandoned. 

7. The action of Tides varying from Spring fo Neap. — The rates of 
action and conditions of final equilibrium in rectangular tanks, in V-shaped 
estuaries with a long tidal river, and in each cstnaiy rendered iinsym- 
metrical by large groins, have been investigated with tides varying 
harmonictilly from spring to neap, and again to spring in 29 tides. The 
ratio of these at spring and neaj) being o to 2 as compared with uniform 
tides, having the same rise as the spring tides, also for uniform tides 
having the same rise us the mean of spring and neap, tlio results showing 
definitely : 

(1) That the condition of Final FjqnUlhriu m i)i all cases' v'ilh spring and 
neap tides was the same as that u'ith nnifonn tide<! having the same rise as 
springs^ and mveh greater^ essentialhf different^ from that with a uniform 
tide having a rise equal to the mean rise <f spring and neap tides. 

(2) That the Hate of Art ion with the vargnig tide is much snialler than 
that of a uniform tide having the rise of tfte spring tide. The ratios hehig 
definite., ah o lit 2' o to 1. 

(3) That the limits of similarifg obtained for all sparing tides hold 
approximately for tides varying fro,, i .spring to neap. 

8. The effects of qwolonging the rivers info the esfuarie.s by walls helom 
high water. Experiments V. in tanks E and E having arrived at 
similar final conditions of equilibriarn (in which the depth of the rivers 
for some distance above tlieir mouths was reduced to a 30-foot tide, nearly 
30 feet at low water, wliile the sand in the estnaries gradually rose from 
the mouths of the rivers until it reached to within 12 feet of low water at 
a distance of 14 miles below the mouth and then fell again, all the sand 
being below this level, there being passes whicli formed a crooked deep 
water channel), opportunity was taken to prolong the banks of the river 
by walls at first up to low water and extending through the bar to a 
distance of 44 miles from the months of tlio river.s. Then raising these 
walls to half- tide, and finally carrying the walls forward slowly in tank 
E at a rate of half a mile a year (700 tides), and in tank E dredging from 
between the walls at a rate of seven million cubic yards a year (700 tides). 

This was done in the first place as a further test of the similarity of 
the action in the two tanks, and secondly as affording an interesting 
study as to the effect of vertical walls in the direction of the current in 
the bed of a tide-way. The effect of these walls at the level of low water 
and at half tide were precisely similar in both tanks ; in neither case did 
they produce any sensible effect at all on the level of the sand between 
them. At the level of half- tide they caused in both tanks a slight silting 



ON THE ACTION OF WAVES AND CUIUIENTS. 


391 


up outside the walls and also a slight silting up in the river above its 
mouth, which effects were very much increased when the walls were 
raised to half-tide. On tlie walls being removed in tank E and then 
gradually carried forward, the silting up behind the wall and deteriora- 
tion of the river increased, but there was no improvement in navigable 
depth between the walls. 

The dredging in tank F, so long as it was continued, added about 20 
feet on a 30-foot tide or 10 feet on a 15-foot tide, to the navigable depth 
between the walls, but tViere was the same silting up behind the walls 
and the same deterioration in the river. 

It thus appears that the similarity of the results in both tanks 
supports the conclusion that vertical walls having flic horizontal direction, 
of the curre'iit in a straight tideway and terminating well helow high, water, 
2 )roduce hut little effect on the distribution of the sand hetiveen them, so long 
as the passage is Jreehj open at both ends, but that if the passage be blocked 
at one end they form a bay in which, the, sand rises at the head. 

D. The effects of the tide in, estuaries not symmetrical. — Having so far, 
in accordance with the original scheme of this investigation (First Report, 
1(S89, p. 5), simplified the circumstances which iiifiuonce the distribu- 
tion of sand by maintaining the lateral boundaries perfectly sym- 
metrical, and as ru'arly rectilinear as practicable, and having found 
definite laws connecting the distributions of sand in tlie beds of the model 
ej^tuaries with the period and rise of the tide and the length of the 
estuary, besides tlie laws connecting the period of the tide with the 
horizontal and vertical scales under which the models give similar results, 
there remained two ([uestions : 

(1) How far such discrepancies as appear between the general distri- 
butions of sand found in the models and those observed in actual estuaries 
are attributable to irrognlaritios in the boundaries of the latter? 

(2) How far the intlnonce of these boundaries is subject to the same 
laws of similarity as those already obtained ? 

The original experiments of the author in models of the ^Nfersey which 
led to the appointment of the Committee (J>.A. Report, 1887) had to a 
great extent answered these questions, showing that similar irregulari- 
ties in the lateral boundaries exiM-eise similar and predominating influences 
on the lateral distributions of the sand in the modelsand in the estuaries. 

It seemed, howevtu’, desirable, .so far as time allowed, to confirm these 
results of the author’s and make this investigation complete in itself by 
carrying out experiments in Iwth models similar to those already carried 
out, except that- the boiindaiies should be boldly irregular. 

Such experiments also afforded opportunity for studying some geneml 
effects of great importance. The relation between the depths of water 
and the rise of tide had come out very definite in the symmetrical experi- 
ments, and it wiis desirable to see how far these relations would be 
disturbed by lateral irregularities. For instance: (I) Would bold irregu- 
larities in the boundaries of the estuary alter the depth of water in the 
river ? Bold irregularities in the boundaries, causing the water to take a 
sinuous course, would have the effect of virtually narrowing and in- 
creasing the length of the estuary, and by causing eddies would obstruct 
the passage of the water to some extent. Lengthening the estuary would 
tend to increase its depth at corresponding points, and obstructing the 
water would tend to dimini.sh the tidal action in the river ; at all events, 
until the estuary had increased in depth. 
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(2) At the month of the estuary the flow of water had so far been 
straight up and down, and equal all across the estuary. By rendering 
the mouth unsymmetrical, circulation would be set up which would render 
the up-currents stronger at one part and the down-currents stronger at 
another, an effect which would correspoud to some extent to that of tidal 
currents across the mouth of the estuar)'. 

(3) Tlie largo tidal sand ripples below low water in the model estuaries, 
with the flood and ebb taking tlie same course, constitute a feature wliich 
it is impossible to overlook, 3 ’et tlio existence of corresponding ripples 
had been entirely overlooked in actual estuaries until they were found to 
exist when they were looked for, having been first seen in the models. 
The reason that they were overlooked before is, no doubt, explained by 
the fact that the bottom is not visible below low water in actual estuaries ; 
but this is not all. In the estuaries these ripples, where found, have been 
confined to the bottoms and sides of the narrow channels between high 
sand banks, and they do not occur on the level sands below low water 
towards the mouths of estuaries to anything like the same extent as in 
the models. By rendering the estuary unsymmetrical and so causing the 
ebb and flood to take different courses, this effect, as explaining the 
greater prevalence of ripples with symmetrical estuaries, would be tested. 

These considerations led to tin* lepetition of Experiment V. in tank P, 
at first with a single groin exl ending from the right bank into the middle 
of the cstnary at the raoiith, and subsequently to the introduction of 
three more groins from alternate sides of the estuary to the middle, up 
the estuary, and then to the introduction of similar groins into tank E, 
during Experiment VII., with spring and neap tides. 

The result of these experiments is to show conclusively : 

(1) That the lau'S of simiJarUy fnmd for syrnmet riral rhanneU voth 
uniform tides hold with sinuous channels for uniform or varying tides. 

(2) That the greater unifonnit y of the depth of sand on cross sections of 
models with symmetrical boundaries than with actual eshiaries^ does not 
exist when the banks are equally irregular. 

(3) That the oircidation caused, by the unequal glow if the tide in model 
estuaries tends greatly to take the sand out, and that the natural tendency in 
an estuary to scarp the boundaries so as to increase its sinuosities fends 
greatly to the deepening of the channels. 

(4) That in the modiis with boldly irregular boundaries the tidal ripples 
acre much less frequent than in the symmetrical models, being confined to 
, places where there are no cross currents, as in actual estuaries. 

10. Conchoiion of tJm In cestigation . — It seems that the objects of this 
investigation have now been accoraplisbcil. 

The investigation of the action of tidc.s on the beds of model estuaries 
has been found perfectly practicable. Two tanks have been kept running 
night and day from June 22, 1889, to August 1891, and have each ac- 
complished upwards of 1 , 200,000 tides, representing the exjierienco of 
2,000 years. Such difficulties as protecting the sand from extraneous 
disturbance and keeping it free from fouling, regulating the levels of the 
water, the tidal periods, the rise of tide, forms of the tide curve and the 
supply of land water, observing and recording the results, have all been 
fairly overcome, though none of the precfiutions taken could have been 
safely dispensed with. 

The limits to the conditions under wliich the results will conform to 
the simple hydrokirietic law of similarity have been fairly established ; 
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while above these limits the applicability of the simple hydrokinetic law 
to these experiments has been abundantly verified in models varying in 
scale from six inches to a mile to an inch and a half to the mile, and with 
vertical exaggerations, as compared with a 30-foot tide, ranging from 60 
to 100. 

The laws of the distribution of the sand in a tideway under circum- 
stances of progressing complexity have been determined and have been 
verified, not only by repetitions of the same experiment but also by pro- 
ducing similar distributions under different circumstances, which circum- 
stances, however, conformed to the laws of hydrokinctic similarity. 
Thus the distributions of sand in simple rectangular estuaries, V-shapcd 
estuaries, and V-shaped estuaries with a long tidal river, have all been 
investigated and found to be definite. 

Investigations ha\ e also been made with definite results of the separate 
effects of land water in moderate quantities, and of the length of the 
tidal river on the depth of water in the river find estuary, and of the 
effect of bold irregularities in the configuration of the lateral boundaries 
of the estuaries, also of training walls in deep water. And, lastly, the 
comparative rates and ultimate action of uniform tides and tide varying 
from spring to neap have been determined. 

It thus appears tliat tliis system of investigation has been tested over 
a great portion of the ground it is likely to cover, and that most of the 
difficulties that are likely to occur Iiavo been met and the necessary pre- 
cautions found. 

It would seem, therefore, by carefully observing these precautions, the 
method may now be applied with confidence to pnudieal problems. 

§ III. — Tjie Ai>par\ils. 

11. Qpnnral Worling (*f the Apparalns.—AW the apparatus has worked 
well, although certain repairs have been rendered necessary by wear ; thus, 
the motor has retiuircd new pins, not much, considering it has made over 
200 million revolutions. The knife edges, on wliich the generator of the 
large tank rests, which are of cast-iron, and 2 inches long, and each carry 
about 1,000 lb., were found to have, after one million oscillations, worn 
down of an inch, until they had become so locked in the Vs as to stop 
the motor. 

12. The modijiaiivms in the Tanl;^ liavc this year been confined to the 
introduction of training walls and groins. These have been made of paper 
saturated with solid paraffin (which gradually became warped by the 
pressure), sheet zinc, and sheet lead or wood, as was most convenient. In 
the last experiment the large tank was modified by taking out the parti- 
tion boards and stopping the opening at the end so as to reproduce the 
original rectangular tank A. 

13. Gearing for the Spring and Neap Tidei^^Plafe IT. — This arrangement, 
designed by Mr. Greonsbields, accomplished the result very neatly and 
effectually with a minimum of new appliances. It admits of any degree 
of adjustment in the ratio of maximum and minimum tides, and works 
easily and well. 

On commencing the work with spring and neap tides it was found 
essential to have an indicator of the phase of the tide, which would bo 
easily visible without having to examine the gearing. For this a counter, 
having twenty-nino teeth in the escapement wheel, which carried a long 
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finger over the face, was constructed by Mr. Greenshields, and worked 
well, proving a great convenience. 

§ IV. — Description of the Experlments on the Movement of Sand 
IN A Tideway, from September 4, 1890, to August 1891. 

14. Experiment J/J,, Plan 1, Tnnl's E and F, Plate V. — These 
experiments were intended as a repetition of Experiments I. (Second 
Report, p. 528), which were only continued to 36,000 tides. The only 
diflerence in the conditions being that, while in Experiment I. the sand 
was initially laid up to the top of the river, Section 38, in Experiment HI. 
the sand was only laid up the river to Section 13. These experiments 
were carried on during the vacation, Mr. Eo.stcr kindly keeping the tanks 
running and I'eading the counters daily. In this way 47,000 tides were 
run in tank E, and 66,000 in F, when the surve3"s for Plan 1 were taken. 

These surveys show a rather more advanced state than is shown in 
Plan 2, Experiment I., but they present exactly the same characters. 
In tank E the sand in the estuary is slightly lower in the longer experi- 
ment than in the shorter, but shows the same distribution. In both 
experiments in tank E the level of the sand at the montli of the river is 
that of mean tide, and in both experiments the level of the sand reaches 
the H.AV.L. in the generator at Section 11, or 13 miles up from the mouth, 
and in both the tide continued to ri.se to the top of the river. 

In tank F, also, both experiments show tl\c same general distribution 
of sand in the estuaries and river. In the estuary the phenomenon pre- 
viously observed with a low value for the criterion, namely, the large 
ripple, is more pronounced in the longer experiment ; but in both 
experiments the river has become barred at an early stage, showing that 
the conditions in F during the formation of the estuary have been below 
those essential for similarity. 

The rise of tide observed at the end of tlio Experiment III. in both 
E and F is below those observed at the earlier stages. In tank E the 
rise of tide witli the same rise m the generator has fallen to 0*125 foot at 
47° tides, though it was 0 140 foot at 32,000, and 0 095 foot at (>6,000 in F, 
against 0*096 foot at 32,0(10. This phenomenon, which becomes more 
pronounced in some of the later experiments, is accounted for by tlie im- 
proved tideway as the experiment gets older, allowing the estuary to 
empty itself more completely. It requires notice, since it renders esti- 
mates, such as the value of the criterion of similarity based upon the rise 
of tide, difficult. The same quantity of water passes up and down the 
estuary, but does not effect the .same rise of tide at the generator, which 
falls as the experiment gets older, while the rise of tide up the estuary 
increases at the same time. 

15. Experi)ne)itii on Increased Leiufth of Tidal Piver. Experiments IV., 
E and F, with Land Water, Plates VI., X., and IV., October 22 to 
November 17, 1890. — The sand laid 0 333 foot in E, and 0*187 in F from 
Section 13 up the river to Section 26 down the estuary. Mean rise of 
the tide, 0*310 in E, 0*197 in F. Rise of the generators the same as 
before, periods 33*47 in E, 22*21 in F. 

The conditions were tlios the same as in Experiment III., with the 
exception that the tidal periods were reduced in the ratio 1 to s/2> As 
reduced to a 30-foot tide, this would have the effect of increasing the 
horizontal scales in the ratio v^2 to 1. Thus, while in Experiment III. 
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the estoarlcs from generator to month of tidal river represented about 
50 miles, and the rivers 54 miles ; in Experiment IV. the estuaries were 
70, and the rivers 76. 

With the same tide at the mouth the elongation of the estuary would 
cause the tide to rise higher at the mouth of the river, but as there was 
only the same quantity of water from the generator the tides with the 
longer estuaries were smaller at the generators, which would again 
diminish the tides at the mouths of the rivers. The tides observed at 
the mouths of the rivers were somewhat higher than in Experiment III. 
And this fact must be allowed for in considering the results as represent- 
ing the effect of increasing the lengths of the rivers on the distribution 
of sand. 

In tank E the effect was very remarkable. For tlic first 5,000 tides 
the sand rose up the river as far as it was laid, the head of the sand 
gradually going forward, and the sand falling at the top of the estuary 
and in the mouth of the river. Somewhat the same appearances 
appeared in bank F, though it soon became apparent that the advance of 
the head of the sand was much slower in F, and also the lowering of the 
sand at the top of the estuary. Sand was going up the river, but it ac- 
cumulated in the lower reaches. 

In E at 9,000 tides there was an almost sudden change ; the sand in 
the river was rapidly carried to the top, leaving the lower reaches empty. 
After 11,000 tides the bottom of the river was swept clean from the 
mouth to Section 15 (30 miles), and then a steady downward movement 
of the sand went on nil down the estuary until there was deep water all 
the way down from 10 miles below the head of the river. The clearing 
of the bottom of the river of sand evidently increased the action of the 
river, increasing great 1}^ the rise of tide. 

In tank F the result was verj^ different ; instead of the sand shifting 
suddenly up the river, the sand reached Section 15, and then barred the 
river at Section 11, the river then gradually filling up. At 38,000 tides, 
when the second siirvc'y was made, the tid(‘ was still rising at the top of 
the river, and the head of the sand still proceeding forwards. The 
experiment was continued to 81,000 tides, and the head of the sand 
reached Section 19, the tide still rising at the head very slightly. This 
shows that the conditions of similarity were more nearly fulfilled in the 
river in tank F in this exjieriment than in III. The values of the 
criterion, howeyi'r, given in the table arc lower in IV. than in III. This 
is because these values arc calculated from the rise in the generators 
which were in these experiments 0*110 in tank E and 0 081 in F, against 
0*125 and 0 095 in Experiinenis III. With the same water going out 
of the generator there must have been higher tides at the mouths of 
the rivers in IV., and as the vertical exaggeration in Experiment IV. 
wa8v/2 times larger than in T. and HI., assuming the rise of tide in tunks 
E and F, Experiments III. and IV., to bo as in Experiments I., the values 
of the criterion in Experiments IV. would be at least 0*261 and 0*103, 
This is in accordance with the observed results. 

It seems therefore that in order to apply the criterion to the condi- 
tions of similarity at the top of a long estuary with a tidal river the 
actual rise of the tide at the mouth of the river should be taken in 
estimating the value of the criterion for similarity ai these points. It 
appears however that in no case has the criterion estimated from 
the tides in the generator exceeded the value *09, but what the oondi- 
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tions of similarity have been fulfilled, while iu no case has ifc fallen 
decidedly below this value without decided symptoms of dissimilarity 
having appeared, so that this value for the criterion seems to be esta- 
blished as a good working rule for the formation of an estuary from 
sand at the level of half- tide. 

If the bottom of the estuary is modelled the case is dilFerent, but the 
occurrence of large ripples, in experiments in tank F and in Experiment V. 
in tank E, when the value of the criterion fell as low as *08, shows that 
the similarity of the ripple depends on the same value of the criterion as 
the formation of the estuary. 

16. JExperimpnti^ irith Limitunj Yahtp of Cfiforloo. — YJ^'perhnenf V. 
with Land Wate}\ TanhJSy Plates T^//., V/f/., and XL, from Novemher 20 to 
December 24. — Tlie conditions of this experiment were designed to bring 
the value of the criterion, estimated from the rise of tide in the generator 
in the final condition of equilibrium, to 0 09, keeping the horizontal scale 
as nearly as possible the same as in IV., and diminishing the rise of tide so 
as to increase the proportional depth of sand in the river, and thus pre- 
vent the bottom being swept clean when the final condition was reached. 

The length of the crank working the generator in IV. had been 4'487 
inches ; this was reduced to 3 77 inches in V.. reducing the rise of the 
tide in the ratio 0*85, To keep the horizontal scale the same the period 
33‘3 seconds was increased to 30 seconds, leaving tlie product p sj k constant. 

This reduced the vertical exaggeration c in the ratio 0'8*j. Thus the 
value of is reduced (0 85)** or 0*5*2. 

Now the value of the criterion in Experiment IV. just before tho 
bottom was swept with saud was greater than 0*18, which, multiplied by 
0*52, gives 0*093. 

As carried out at the final condition sliown in Plan 3, Plato VITT.,the 
period was 35*6 seconds, the ri.se of tide O-107, and the value of tho 
criterion 0 0912. 

This low value of the criterion showed itself in the rate of progress of 
the experiment. It was 13,000 tides before the sand in tho river reached 
Section 19, against 4,000 in Experiment IV., and 25,000 against 9,0o0 in 
IV. before reaching the bead of the river. In the early stage of the ex- 
periment it seemed doubtful whether the sand was going to bar the river 
as in Experiment IV., tank F. Except in rate of action, however, tlie 
motion of the sand followed the same conrsc as in Experiment IV., taking 
a sadden shift at about 20,000 tides, and then rapidly lowering the sand 
at the head of tho estuary. At the mouth of the river the bottom of the 
tank was reached after 50,000 tides, but only between tho ripple bars, so 
that it was not swept clean. 

The ripples in tbi.s experiment were very much larger than anything 
before in tank E, showing that the criterion was approaching its critical 
value. 

The final condition of the estuary, as shown in Plan 3, after 36,000 
tides, shows conclusively tho efiect of the upper tidal water in a long 
river on the bed of the lower estuary. Below Section 19, 32 miles from 
the top of the river, there is no sand above tho level of low water in the 
estuary, and from this the sand falls uiiilormly to tho mouth of tho river, 
where there is a depth of water, at low tide, of 30 feet. In the head of 
the estuary there is a bar the top of which is only 12 feet below low 
water; this is at Section 9, or 18 miles below the mouth of the river; 
below this point the sand gradually falls to the generator. 
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Comparing this with the results in Experiments I. and III., where the 
reduced length of the river is only some 50 miles, but in which the rise of 
tide at the mouth of the river was somewhat greater, the effect of the 
extra 20 miles length in the river is seen to have improved the general 
and navigable depth of the river and estuary from the top of the river to 
a distance of 40 miles down the estuary by from 40 to 30 feet. 

17 . The effects of dredging in the river^ E.rperime'nt V., in Tank F, from 
November 19 to December 23, 1890, Phm 3, Plate VIIT. — The initial con- 
ditions of this experiment wore the same as those of Experiment IV. in 
tank E, except that the mean level of the tide was raised to O'OIG above 
the initial level of the sand, and the period was increased from 22 to 23'3 
seconds. The ex{)eriment was undertaken with the intention of ascertain- 
ing (1) whether raising the mean level of the tide above the initial level 
of the sand without altering the rise of tide would prevent the river 
becoming barred : and. supposing thin did not succeed, (2) to ascertain 
whether, if the bar which had hitherto formed in the river during the 
early stages of the experiments in tank E were kept down by dredging 
out the sand as it rose above the initial level, tlie later stages would 
follow the same course as in tank E. 

The results were j’cmarkable, and bring out the critical character of 
the conditions at the mouth of the river. 

The experiment was allowed to run 39,000 tides, during which tho 
progress of the sand was much more rapid than in IV, reaching Section 19 
ill 0,000 tides, as against 30,000 in Experiment 1 V". and 13,000 in Experi- 
ment V., and reaching Section 23 in 10,000. At this point it stuck, 
and the sand accumulated at tho head of the estuary and in the river, 
which became barred at Section 19, on reaching 30,000 tides. 

It thus a[)|)eai’s that lowering the inilial level of tlu' sand produced an 
effect on the fiixst action very nearly e({ual to increasing the rise of tide 
by double the amount, but that as the sand distributeil itself this effect 
passed off. 

At 30,000 tides tlie bar in the river was dredged down to the initial 
level of tho sand, and this level was maintained by daily dredging till 
70,000 tides had been run, 0 08 cubic foot- of sand in all being removed. 

At this stage the sand in the river suddenly shifted up to the top as in 
Experiments IV. and V., E. The sand at the moiitli of the river and top 
of the estuary falling until tho bottom appeared, dredging was discon- 
tinued. At 95,1)00 tides the final condition had been reached, which was 
almost identical over the whole estuary with that of Experiment V. E 
after 00.000 tides, as shown in Plan 3, Experiment V., E and E. 

The instability of the condition which may prevail at the montli of a 
river is thus clearly shown, as well as tlio useful effect of improving tho 
tideway by dredging in tho upper reaches in the river. In three 
experiments in tank E, I,, Til., aiul IV,, the river became completely 
barred, and tho estuary became a bay with a stream of land water 
entering at its top ; in Experiment V. the bar again formed, but on being 
kept down by dredging to the level of half-tide till the sand had fallen at 
the head of the estuary, the river at length prevailed, and the sand was 
W’ashed out till there was 30 feet of water at low tide. 

Tho time and amount of sand removed in producing this effect were 
considerable. The tidal ca]mcity of the river and estuary is 1 cubic foot ; 
this reduced to a 30-foot tide is 21,700 million cubic yards, or on a 15- 
foot tide is 5,122 million The amount of dredging, 0'08 cubic foot in 
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all, represents 1,743 million cubic yards on a 30-foot tide, or 437 million 
on a 15-foot tide. This was distributed over 40,000 tides, or sixty years, 
so that even with tbe 15-foot tide it would represent 7 million cubic 
yards a year. 

After the dredging the rise of tide fell from *081 to *073 foot, which 
would result from the lowering the sand which was above low water. 

18. Experiments with Training Walls. Experiment Y. (^continued) with 
Training TVld/A', Tanks E and F, from January 7 to Fehruary 20, 1891. 
Plan 4, Plate XII. — Having arrived at «/wii7a?-^final conditions of equili- 
brium in tanks E and F, in which the sand was entirely below low 
water from Section — 19 up the rivers (32 miles from the top of the 
river) to the generators, and in which there were bars in the estuary 
below the mouths of the rivers, reducing the depth of water at low tide 
from 28 feet in the river to a minimum of 12 on the top of tlie bars, it 
seemed an opportunity not to be lost for testing the similarity of the 
effect in the two tanks of prolonging the rivers by training walls through 
the bars. 

With this view walls of thick paper saturated with paraffin pushed 
vertically into the sand and extending up to low water were run out 
from the end of the river, prc'-^erving the same divergence as the walls of 
the river to Section 22, or l'> miles on a oO-foot tide, the tanks being 
stopped for the purpose. 

These walls produced no ai)parent effect wliatever on the depth of 
sand between the walls, during 20,000 or 30,000 tides. They were then 
replaced at the upper end by walls of she(‘t zinc extending to half-tide, 
which did produce an apparent effecr, inasmucli as the sand accumulated 
outside the walls, forming an apparent channel within ; also the sand rose 
in the river, doing away -with the appeanince of a bar. Idiesc effects 
were similar in both models after 10,000 tides had been run. 

The old walls were removed in both tanks and replaced by walls 
commencing at ^ tide at the moiirhs of the rivers, and falling during 
the first 4 or 5 miles to half- tide, at which they Avere continued to 
Section 22. 

In tank E the walls were advanced gradually from tlio mouth of the 
river at a rate of about half a mile in 700 tides (year). The result of this 
is shown in Plan 4, Plato XII., tank E, There is no improvement in 
the navigable depth of the river. 

In tank F the Avails Avere put in and then the tops of the ripple bars 
were daily dredged off between tbe Avails. This was continued for 
100,000 tides, during Avhich o per cent, of the tidal capacity Avas 
removed, or about 1,000 million culuc yards on a 30-foot tide, or 250 
millions on a 15-foot tide, Avhich repre.sents 7 millions annually on the 
30-foot tide, or 1’8 millions on a 15-foot tide. The effect, as shown in 
Plan 4, tank F, Plate XII., is to add some 20 feet to the depth on a 30- 
foot tide, or 10 feet on a 15-foot tide. 

The silting up behind tbe walls i.s the same as in tank E, and the 
detriment to the navigable depth of the river is also similar. 

19. Experiment V. {eontinued) vnth Tide deviating from the Simple Har- 
monic in Tank E, Fehruary 23 to March 12. — This was meant as a pre- 
liminary experiment. The balance of tlie generator was altered to give 
a rise of tide in 17 seconds and a fall in 20. The experiment was mn 
for about 40,000 tides, and a survey taken, which showed little or no 
effect. On carefully examining the tide curves it was found that they 
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showed very little inequality in the rise and fall. On attempting to 
increase this by farther altering the balance, it was found that this could 
not be done. To continue this part of the investigation it would have been 
necessary to introduce complex gearing. Time did not suffice for this, 
and the study was not carried further. 

20. l^.rperlments witk Tides vaniimi from Spring to Neap, Tank N, 
F., VL, VIL, VIIL, Tank A, XIIL 'hates X, XL, XIL, and XTV., 
March 20 to August, 1891. — The gearing for tank E having been modified 
so as to cause a rise in the generator, varying to over an interval of 
29 tides, the variation being harmonic and adjustable, so as to admit of 
any relation between the maximum and minimum rise. 

These were adjusted so that the mean rise was the same as the rise in 
Experiment V., the spring and neap rises being in the ratio 3 to 2. A 
drain with an adjustable orifice was put in the bottom of the tank to 
drain off nearly all tlie fi-esh w.ater, and the scumnier adjusted so as to 
draw off the excess of land water at low spring tide level ; this being 
adjusted by trial until wdien running the mean tide level was the same as 
before. 

Experiment V. was then restarted without the sand having been 
disturbed to afford a jmeliminary trial of the appiiratus, the period 
being that of Experiment V., 30 seconds. Tl]is was continued 18,O00 
tides, till the apparatus was completely in hand ; then the sand was 
rolaid for Experiment VI., Plan 2, Plate X., in which the conditions 
were the same as V., except the tide. The mean rise in the generator was 
the same in VJ. as in V., and the ratio of the spiing and neaps 3 to 2. 
This brought the rise in the generator at spring tides in VI. greater than 
that in Experiment IV., in the ratio of IT to 1. The action on the sand 
was much more rapid than in Experiment V. with the uniform tide being 
nearly as quick as in IV^. The sand reaching the top of the river in 

13.000 tides, as against 10,009 in IV. and 25,OU0 in V., and the bottom 
of the river being swept as clean in 1 7,000 tides in VI as in 14,000 in IV. 
In other respects the action in VI very closely resembled that in IV. 
The rate of action was a little slower, but the action itself seemed rather 
stronger, as corresj>onding to a higher tide. Surveys were taken at 

20.000 and 34,000 tides. The experiment was then stopped, in order to 
make the conditions comparable with those of Experiment V ; it being 
quite clear that the action of spring and neap tides, having a mean rise 
equal to that of a uniform tide, was not only much more rapid, but led to 
a different state of final equilibrium. 

Experiment VIL, Vkin 1, Plate XL — In this the tide was adjusted 
until the rise of the generator at spring tide was the same as that for the 
uniform tide in V., the other conditions being all the same. 

The character of the action now became identical with what it had 
been in Experiment V., but the rate was decidedly slower. Thus the 
sand moving up the river reaches : — 

Section 11> afler 13,000 in V. and 30.0(K) in VT. 

„ 27 after 20,000 „ „ .01,000 in VI. 

The survey taken after 

15. 000 tides in Exiieriineut V , Tank E, and 

61.000 „ „ VIL, „ 

arc abno.st identical, the latter being a little the forwai’dest. 
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It thns appears that spring and neap tides, having a ratio 3 to 2, 
produce the same result as two-Ji/ths the same number of tides all 
springs. 

So far neither of these estuaries had reanluHl the condition of final 
equilibrium, but the similarity that the Plans 1, Experiments V. and VII, 
present seemed sufficient assurance that this wculd be the same. 

It was intended to repeat Experiment V , tank A, as soon as the 
tank had been re-formed to its rectangular shape; in the meantime 
groins were introduced in tank E similar to those which had been used 
in Experiment VI. F, and Experiment VI L E was continued to ascertain 
how far similar effects would be produced by varying and uniform tides 
in estuaries with similar but boldly irregular outlines. 

E.xpcrimont VII. E, Plan 4, Plate Xlll. was continued with groins to 
123,000 tides. Similar groins had affected the condition of the sand in 
the estuary and river in Experiment \ 1., tank F, so that further com- 
parison between Experiments VTI. and V. cannot be made. 

Hj.rperiment XIII., Tank Jl, i ectdiujilar irifhovt laml-amter, spring and 
neap tides, Plan 3, Plate VIII, from Juh/ 10 In August 10, 1801. — In 
this experiment the rates of spring and neap tides wore 3 to 2, and the 
rise of tide at spring tides was 0*1 7(5, the same as in Experiment V., 
tank A. The tank was reduced to its original rectangular form (Report 
I.), namely, 4 feet broad, and 12 feet from the generators to the top. 
The sand was laid as in Experiment V., tank A, at a depth of 2 in. from 
8ection 18 to the top of the tank, and the mean tide was adjusted as 
in Experiment V., tank A. Tlie period was 50 seconds, as in tank A. 
Thus the conditions of Experiment XT II. and V., tank A, w(‘re precisely 
the same, with the exception that while tlie tides in Experiment V. were 
all springs, those in Experiment XIII. varied fi om springs to nea)) ; the 
object of Experiment XIIT. being to corny^are the rate of action and final 
condition of equilibrium with varying tides witli the very definite results 
obtained as to the slopes of the sand (fidnined in the rectangular tanks 
and recorded in Report 1., B.A. Report, IHsO 

The.se results are shown on Plate VIII. I’he period in Experiment 
XIII., tank A, being shorter than in V. The actual slojie is greater but 
the slopes reduced to a 30- toot tide agree. 

21. E.i'pi>yimojLts on Estuaries not Sifnnnetr/f'al. E.rprriinnif VI., in 
Tank F, v:ith lurgi' groins, Plans 1 and t. Plates Xll. and XIII., from 
Aj^ril 8 to June Id. —This experiment \\as started under conditions in all 
respects similar to those in Experiment V., tank F, with the exceyition of 
a vertical groin extending from tin* right bank to tlu' middle of the 
estuary, with an inclination of 45'^ toward.s the genc'rator, and rising from 
the bottom of the tank above high water. This groin, winch ayiyiears in 
the charts to represent an artificial structure, is, in fact, out of all 
proportion to nnything of that kind which has yet been atteniyited. As 
reduced to a 30-foot tide, it is 11 miles long, 100 feet high up to H.W.L., 
and half a mile broad. Thus it correspond.s rather io smh a natunxl 
feature as »Spurn Head, at tlie mouth of the Humber, ilian to a break- 
water such as that at Harwich, 

In starting the exyicriment, the end of the sand at Section 20 was 20 
miles above the point of the groin at Section 30. The groin had deep 
water on both sides of it, so that its only effect was to dellect the flood 
on to the left bank of the e.stuary. 

Tills effect was very decided, the strength of the flood on the right 
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carrying the sand up the estuary in spite of the effect of the ebb to bring 
it down. J3iit this in itself was not so much; it was tlic large eddy 
caused by the groin which produced the greatest effect. The water 
entering on the left of the estuary crossed over tO' the right, and re- 
turned along the right bank. In other words, daring flood the right side 
of the estuary for dO miles from the generator was in back Avater. This 
back wat('r also gave the ebb a start down the right bank wliicli rendered 
the ebb stronger on this side. 

The sand came down rapidly on the right side, and besides was carried 
over from the left to the right, and formed a bank along tlie riglit middle 
of the estuary, rcacliing the generator after a veay few tides, iiouml this 
bank tlie water circulated, carrying tin* sand with it up on the loft and 
down on the right, the bank growing all the time. The ripple round this 
hank was very striking, arranged with the ripple heads all down on the 
right side and up on the left. After about tido.s the sand began to 

pass from the point of this bar in a line sti cam across the open channel, 
dividing this point from the point of tlie groin, and eommeneed the 
formation of a bank in the generator eont'sponding to that in th(' tank. 
Tins bank had to be removed from tin' gmierator, and after G,UUf) tides 
4 Ihs of sand were so removed. In fixporiment V. tlie first sand removed 
troin the generator was after tides had been run. 

The sand also Avent more; rapidly np the ri\"cr in kixperiment A'l. 
tlian in Experiment V. But this was aeeonntcMl for by dredging in 
tli(‘ river having begun much earlier, after 'JO,O^X) tides as against 
:!(),( )()o. 

Ill all (S Ihs of sand were removed from the river in Experiment VI,, 
airainst 10 lbs. in Y., or about OOOt of tlu' tidal capacity in VJ. against 
OH ill V, In both cas(‘s the dredging stojipcd when the sand began to 
shift np the river after 70,000 tid(‘S. 

At 100,000 tides a cemdition of final (Mpiilihriiim had been arriAod at 
'fhe sand in the river was jnst the same as in V., Plan d. Experiments V 
and VI. in tank F. There is deep Avater in Vf. up to Section 21, miles 
troni tlie geiuTator, the levels of the sand being much tlie .same from thi> 
]»oint up as in V. 

A similar groin Avas then introdneed at Section 10, extending from the 
left hank to tlu* middle of I he estuary. This groin Avas miles long and 
loo ft'et high to If.W.L , and hOjiOp moretid('s Avere run, tlie river all tlie 
time sliglitly imjiroving. 'riuis having bronglit dei^p AA'ater np to Section 
14, or about ft miles from the generator, a gi'oin extending from the right 
h-ink to mid-channel at Section S, about 2 5 miles long and 70 feet high, 
and allot her from the left bank to mid-channel at Section o, 2 miles long 
and 70 feet high, were ]nit in. 

3Mie tirst etfeet of these groins was to raise the sand slightl}" in the month 
of the ri\'('r ; hut this improved again, and after r>0,t)00 more tides there 
AA’as deep Avater extending from the month of the riA’cr to tlie generator, 
and the liver was better than in Experiment V. with the training wmlls, 
though not quite so good as before tbeso were ])ut in. 

In the meantime the banka had ri.'=en in the estuary bclow^ the groins, 
extending down from nearly II.W.Ij. to the point of the next groin, 
where there was a pass with water nearly to the bottom of the tank. 

The sand carried down into the generator daring the experiment 
amounted to G9 lbs., or 57 jier cent, of the tidal capacity. In Experiment 
V. 24 lbs. w’ore removed in like manner, or 20 per cent, of the tidal eaiia- 
1891. n i> ' 
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Table I . — General Conditions 
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and Results of Experiments, 
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city. 87 per cent, of tlie tidal capacity on a 30-foot tide would represent 
a mean increase of depth over the entire estuary of 11 feet; and as the 
increase was by no means over the whole estuary, the increase in the 
channels and lower estuary was much more than this, and althougli by 
this time the sand in the estuary had for the most part become quite 
yellow, sand was still being carried down into the generator. 

In the meantime, as already stated, groins similar to those in E.vperi- 
ment VI. in tank F, had been introduced into experiment VII. in tank E, 
after 61,000 tides had been run Avith spring and neap tides. 60,000 more 
tides, Avbich Avould be equivalent to about 27,000 spring tides, Avere run, 
the ellect being that, notwithstanding the difference in the initial condi- 
tions, the state of the lower estuary was closely approximating to the 
state of VI. in F after 36,000 tides (Plan 2, Experiment VH., tank 
E; VI, tank F). 

In the upper estuary in VII., tank E, the distribution of the sand i.s 
precisely similar to that in VI., tank F, but there is rather more of it, 
which is explained partly by the fact of the dilference in the equivalent 
tides run, .‘)0,00o in E as against 50,000 in E, after tlie iijiper groins were 
put in, and partly by the much greater amount of sand still left in the 
lower estuary in tank J’h Had it been possible to run 250,000 more 
spring and neap tides in VII,, tank E, there is every reason to suppose 
the final condition ^^()nld haA'o been precisely similar to that obtained in 
Experiment Ad in tank F, 


lieport of the Com m ittu\ of Professoi Flowkk {('holr- 

man ), T)r. Gak.sox (hSVe/vde^/v/j, I)i, Hkddue, General PriT-h‘i\ Kits, 
Mr. FitANOi.^ Galtox, and Dr. K. B, Tylor, ((ppoiuted for the 
purpose of editing a new Edition of ‘ Anlhropolo(jical Notes 
and Queries f 

Thf. Committee has to report that during the past year material progress 
has been nifide in the work of editing the new edition of ‘Anthropological 
Notes and (fai ries.’ The whole of the Avork is now in the ])ress, and so 
far advaiice<l that it has been possible to present an advanced cojiy to the 
Association along with thi.s report. 

The editors are of opinion that the value of the Avork Avonld bo 
enhanced by the addition of some additional illustrations to the first 
part -Antliiopograpby. 

Tlie Committee considers the plate illustrating the colour of eyes, hair, 
and skin — also submitted to the As.sociation — a decided advance upon aiiy- 
tbing that has been hitherto done in tliat way, and has every confidence 
that if a further sum is placed at the disposal of the editors for illustra- 
tions it will be spent to tlio best advantage. 

'I’he Committee request to be reappointed, and that a further sum of 
20/. be placed at its disposal for illustration.s. 

Tlie Committee in conclusion reports that best thanks are duo to the 
Anthropological Institute of Great Britain and Ireland (under the 
auspices of which body the w'ork is being edited) for undertaking 
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the publication of the work and defraying the expenses thereof, which 
must be very considerably in excess of the contnbutions made by the 
Association. 


Report of the Committee^ coiiaistiiig of Flower (Chairman), 

Dr. ( Sec7'eta7'y), Mr. Hloxam, and Dr. Wilrerforce Smith, 

for the piu'pose of carrying on the vjorh of the A^ith Topometric 
Laboratory . [Drawn ap by Dr. G arson, Secretary,) 

Tiik Committee has to report that at the Leeds meeting of the Associa- 
tion last year excellent accommodation near the reception room was 
provided by the Jiocal Committee for the anthropometric laboratory. 
The services of a clerk were, as previously, placed at the disposal of the 
officers of the Anthropological Section, under whoso supervision the 
work of the laboratory was carried on. By the kind permission of 
Mr. Finncis Galton, F 11 S., the services of tlie superintendent of bis 
jlaboralory at South Kensington, Sergeant Randall, Wore again available 
to carry on the work of the Association laboiatory. 

The measurements and observations made m the laboratory were the 
same as last year, except that the length of the hand was substil/utcd ior 
that of the middle finger, and the form of the profile of the nose was 
added. They consisted ot the age, sex, birthplace, colour of eyes, liair, 
,'jirofilo of nose , height when sitting, kneeling, and standing ; vertical 
distance from vertex to tragus, mouth, and chin ; length and breadth of 
head , length and breadth of nose , length and breadth of face (nasio- 
mental and bi/^gomatic respectively), length of cubit and of hand; 
span of arms ac loss the back , weight in ordinary clothing; strength of 
pull with each hand ; vital capacity of lungs ; strength of vision with 
each e;ye, and sense of colour; ami in males the maximum and minimum 
circumference of tho clicst during inspiration and expiration. A duplicate 
form of these observations was handed to each person who was measured. 
The total immbtr of persons measured was L^5, of these 95 wore males 
^nd 40 were females Tho number of applicants for measurement was 
greatly m excess of those who could be measured, so that with a larger 
staS' of assistants in tho laboratory many more observations could havm 
been obtained 

The Committee acknowledges with thanks the use of Stanley’s new 
niedical spirometer for testing the breathing capacity, which was kindly 
placed at its disposal by tho manufacturer, I^fr. H. T Tallack, of 28 Hatton 
Garden, London. After some preliminary comparison of ro.sults obtained 
Srom Hutchinson and Lowne’s spirometers and those of tho new instru- 
ment, it was resolved to use the latter exclusively during tho meeting. 
The experience gained from its use last year was so satisfactory that tho 
Couimittee has arranged, by tho kindness of tho manufacturer, to use it 
%^ain this year. Tho statistics of tiie observations made at tho Leeds 
meeting have been worked up during the year after tho manner adopted 
m the last two reports. The work of amalgamating tho wholo of the 
statistics of observations made at meetings of the Association is being 
ptoceeded with each year with a view, as soon as a sufficient number of 
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statistics have been obtained, to publishing the results in a morje compre- 
hensive form. It is also contemplated, when a sufficient number of cases 
have been obtained, to publish the proportions of the different parts of the 
body. 

The measurements have hitherto been made as far as possible accord* 
ing to the metric system, that being by far the most convenient and 
universal form of measurement. As, however, many persons measured at 
the laboratory ask what the equivalent in English measurement is of these 
measurements a table has been drawn up which it is hoped will bo ot 
assistance to those who have not yet made themselves familiar with the 
more universal system of weights and measures. 


Metrical Measurements and their equivalents in inches and half -inches. 
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927 36 V 3,3:U 

940 - 37" 1,347 

953 37} 1.359 

966 = 38 1,372 

978 ^ 38 \ 1,385 

901 39 1,397 - 

1,004 = 39} 1,410 - 

1,016 -- 40 1.423 = 

1,029 = 40} 1,436 - 

1,042 - 41 1,448 = 

1,055 = 41} 1,461 - 

1,067 ^ 42 1,474 = 

1,080 = 42} 1,486 . 

1,093 = 43" 1,409 - 

1,105 = 43} 1,512 - 

1,118 .. 4 4 1,.524 = 

1,131 = 44 V 1,537 

1,144 -- 4r/ 1,550 

1,166 = 45.V 1,502 

1,169 46" 1,576 

1,181 = 46^ 1,688 

1,194 = 47 1,601 


inch mm. inch 

= 47} 1,613 - 63} 

- 48 1,626 = (>4 

= 48} 1,639 - 6)4 V 

= 49 1,651 - 65" 

- 49} 1,664 65V 

= 50 1,677 = 66" 

= 50} 1,690 - 66V 

= 51 1,702 = <)7' 

= 51} 1,715 = 67 V 

= 52 1,728 68" 

= 52} 1,740 = 68 \ 

- 63 1,753 = 6!r 

- 53} 1,766 « 69 V 

54 1,778 = 70" 

54} 1,791 - 70* 

55 1,804 = 71" 

55} 1,817 = 71', 

56 1,829 72" 

56 } 1,842 = 72', 

57 1,855 - 73" 

57} 1,867 = 73', 

58 1,880 - 71" 

58} 1,893 = 74', 

59 1,905 - 75" 

59} 1,918 = 75V 

60 1,931 ^ 76" 

60} 1,943 7(;} 

6.1 1,956 = 77 

61} 1,96.9 - 77' 

62 1,981 = 78 ■ 

62} 1,994 = 78.^ 

63 2,000 = 78^ 


Age. — The males examined varied in age from 18 to 75 years, 
these 2 were nnder 20 years, 24 between 20 and 30 years, 27 between 
and 40 years, 13 between 40 and 50 years, 20 between 50 and 60 yea 
7 between 60 and 70 years, and 2 from 70 years and npwards. 

Birthplace and Residence. — The greatest number of both males 
females from a single county were, as might naturally be expected, fi 
Yorkshire, and particularly from Leeds ; they number 38’9 per cent 
the whole number of males measured. Next in frequency come Lai 
shire and Middlesex, each with 8*4 per cent. ; the Midland counties 
per cent. ; 3 per cent, from Scotland ; 3 per cent, from Ireland ; and 
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remainder from various parts of England ; except G per cent who were 
from various parts of Europe. Of the females 4‘2‘5 per cent, were from 
Yorkshire. As regards resKlence 80 per cent of the males lived in towns 
and 20 per cent in the countr 3 \ Of the females 75 jier cent lived iii 
towns and 25 per cent in the country the piincipal [lart of their lives. 
In the class of society to which the persons measured belong, the place of 
residence has perhaps less importance than among working classes living 
under less favourable conditions 

Oerwpafum A considerable proptirtion of the males measured were 
engaged in commercial pursuits, tlic otliers were eliiony professional men. 


Seventh lleport of ihc Coiimilttre, covfnstinf/ of Dr. E. B. Tylok, 
Mr. (t. W. Bloxam, Sir D\niel Wilsov, Dr. (I. ]M. Dvw.son, 
and Mr. K. (1. llALiurKroN, appinntpd to Investitjaie the 
pdiffsical charrfrfers, la n(fna<f<''^^ and hulastrial and social 
condition of the NorUi-Westeni Tabes of the Dominion of 
Canada, 

In riiom Cl lox r.y Siu Danill Wilsox. 

The report here presented is again the result of the work of Dr Franz 
Boas in tho interesting el linological tudd ot Bntish Columbia, it con- 
sists of two parts, tlie first being devoted to ihe Bilipila, a people inhabit- 
ing a limited tract in tlie Mcinity of Dean Inlid and Bentmck Arms, the 
second dealing with the physical characteristics ot the tribes of tho North- 
west Coast region. 

In cormeetiun witli tbo Bil(|ula it is important to note that they, by 
reason of their position, have lictd the most important natural pass and 
trade route through tho Coast Range, from the ocean to the interior, 
which exists between the Skecna Ru er and the Fraser, a distance exceed- 
ing 400 miles. This circnmhlanco has rendered their situation a jieculiarly 
favourable one m some respects. It has induced them to engage in 
intertribal trade, and evidently also affords a clue to some of the peculiari- 
ties which Dr Boas pinnts out From time immemorial, as the writer is 
informed by Dr. Da^Nson, who has geologically examined that part of tlie 
country, a route has been beaten out by way of tho Bella Coola River, 
thence northward to the Salmon River, and then along the north side of 
the Blackwater River to the Upper Fraser. This is commonly known by 
tho Tinneh of the interior as the ‘ Grease Trail,’ from tbo fact that the 
chief article of value received from the coast in early times was the oil of 
tho olachen or candle-fish, tliough dontalium shells and other things 
were also brought in. When trading vessels began to visit the coast, 
besides the natural products of tho sea, iron and various kinds of manii- 
facturod goods found their way into tho interior by tho same ronte; 
while tho fine furs of the inland region were carried back to the coast 
and sold to the vessels. It was by this same route, well known to the 
natives, that Sir Alexander Mackenzie was enabled to complete tho first 
traverse of the North American continent from sea to sea and to reach. 
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tlio bliore of the Pacific in 1 793. As a result of this intercommunication 
between the Bilqula and Tinneh it is found that houses essentially similar 
to those of the Coast Indians in mode of construction and ornamentation, 
though smaller and loss skilfully built, occur far inland on the upper 
waters of the Salmon and Blaekwator Rivers , while, on the other hand, the 
practical identity of some points m the mythology of the Bilqula with 
that of the Tinneh of the interior is a clear instance of reciprocal 
influence. 

The second part of the report will be found to contain the most com- 
plete series thus far obtained of anthropological measurements relating to 
the tribes of the North-West Coast, with a discussion by the author of the 
data which these afford, in which several points of value are brought out 
and important suggestions are made for further inquiry In this connec- 
tion it must bo mentioned that the committee are much indebted to tin* 
courteous and enlightened liberality of ^lajor J. W. Powell, Director of 
the U,S Bureau of Ethnology, who has permitted Dr Boas to incorpo- 
rate with the measurements obtained in British Columbia tlu^se made by 
him in Washington and Oregon under Major Powell’s directions. It has 
thus been possible for Dr. Boa.s to give to his treatment of this subject a 
comprehensive character, which could not otherwise have been obtained, 
by enlarging the scope of hi.s discussion so as to include the more or le.ss 
intimately related tribi'S of the Pacific States with those of the Province 
of British Columbia itself. 


Tliiitl Ih'jKot on fhc J mlidns of B) iti\h Coltiinhni 

J>ij Dr Ek\nz Boa.s 

The following alphabet lias been ii.scd in the report — 

Tbo vowels have their continental sounds, namely . a, as in foth^r , 
e, like a in mate , i‘, as in machino y c, as in note , n, as in rule. 

In addition the following are used, u, o, as in German; d=aiv in 
late; h—e in Jlover (Le[)siab’s e) 

Among the con.sonants the following additional letters have been 
used g‘y a very guttural similar to A , a very guttural A, similar 
to Ar; ry, the German ch in hack , w, the German ch in ich ; q, between 
y and //; c~sh in sho/e; r, as fh in thin ; tl, an explosive Z, c//, a palatal 
Ij pronounced with the back of the tongue (dorso-apical). 

THE BILQULA. 

The Bilqula, who are generally called Bella Coola, are the most north- 
ern tribe belonging to the Salish family. They are separated from the 
tribes speaking allied languages by the Chilcotm (of the Tinneh stock) in 
the interior,andonthecoa8t by theKwakiutl Their language is — considered 
grammatically — more closely related to the dialects of the Coast Halish than 
to those of the tribes of the interior. A number of terms referring to the 
sea and sea-animals are the .same in Bilqula and in the dialects of the Gulf 
of Georgia; so that we may safely assume that the two groups of tribes 
were at one time closely related, and that the Bilqula were differentiated from 
this group. Tlioy inhabit the coasts of Bentinck Arm and Dean Inlet, as 
shown on the map accompanying the sixth report of the committee, and 
extend far up Bella Coola River. Since the end of lust century they 
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have dwindled down in numbers, and a few only of their once popnlons 
villages are still inhabited, namely, Satsq, at the head of Dean Inlet , 
]!^utl’E'l, at the mouth of Salmon River, Naqa^kn (which embraces five 
villages, at the mouth of Bella Coola River, Stitiii, tweiity-eight miles up 
Bella Coola River; and Ta'lio, at the head of Sontli Bentinek Arm The 
dialect of Nutl’E'l and Satsq dillers slightly from that of the other 
villages The following is a list of their ancient villages, most of w'hich 
are still inhabited at certain seasons, althougli not regularly — 

1. vSatsq. 

2. NutVEi. Tlio tribe of this place is called Sotsb rnii 

3 Nuqa'lkii, embracing the villages K omko'tLs and Stske'etl on the 
north side, PtVisEla and NutHehutskone on tho south side of the river 

4. iSi nqtl. 

5. Tsomryotl. 

0. Snh't’Elc 

7, Nu'k'Hits. 

8 AsE'nane 

1). Nuk u'aqmafs 

10, TsQoaqk ,Vnc 

11 NiVsk ’rlst 

12 Nfitltle'iq 

Id Stii'in, twenty -eiglit miles from the sea, 

14 SniiTrLlatl. Nos 4 to 14 arc situated along Bella Coola River, 
and are given as they are met with in ascending the ri\er 

15 Slfi'aqtl, at tlie confiuenre ot Bella Coola and Diiver (?) Rivers 

10 Ta'lid, at the head of South Bentinek Aim, embrariiig K 'oa'pQ, 

TiVlio, NrOik‘, A'slx* 

17. Iv ofOtluH, at the bay of that name m the southern entiau(*(‘ of 
Bentinek Arm. On tho north entrance of Bentinek Arm viere tlie 
Kiitehtl, but it is doubtful whotlier they bidonged to tlie Bilqula or to 
the HO'iltsuk. Tho latter call the people of Dean Inlet Ki'mkuitq 

Each of these tribes is subdivided into gontes, which appear to he 
arranged in exogamic groups I learnt the names of the folIo^Miig 
geiites, ^^luch bear the names of their aiieestors . — 

Gentes of the Nuqa'lkraii 

1. Tok oiViH ( = looking do>Mi on his fannly). 

2 SpuQpuQo'lEniQ ; Qe'mtsloa name Ma'lakyilatl (see p. 415) 

2 8iatIqel}Vaq 

4 KE'ltri([k ana. 

5. Po'tlas 

Gentes of the Nusk'^EdstEmn : 

1. Tl’ak auiiuVot. 

2 K ooqothVne 

3. ? 

Gentes of the Trilio'mii • 

1. lalo'stimot (= making good fire), Qo'mtsloa name, T’a't’En- 

tsilit (=a cave protecting from vniii) 

2. Spatsa'tlt. 

3. TuniQoa'akyas. 

4 TTn^rnfflit 
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The evidence which I can present regarding the laws of intermarriage 
is the following* I inquired of Nusk^Elu'sfca (=cold water in face), a 
meinber of the lalo'stimot gens, whetlier ho might marry a Spatsa'tlt 
woman ; this suggestion he rejected with the greatest indignation. 


Flo 1 — Hou'^c-front of the gens Tok o.’i'is. 



Memhors of the first two gontes, lie (‘vplaiiied later on, an' not nllowod 
to intermarry, neither are members of the last two gentes, vhile tlie first 
and second may many among the third and fourth. lie accounted for 


Fig 2 -House-front of the gens Tr.'ik annio'ot, representing the incxm 



this by stating that lalo^stimdt’s son married Spatsa'tlt’s daughter, and 
that consequently tlie two gontes were related to each other. 

The gentes have crests similar to those of the neighbouring coast 
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tribes. The crest is represented in paintings on the honse-front and on 
dancing implemf'nts. 

The gens Tok'oii'is has a killer-whale {Df^lphiuw^ area) painted on the 
house-front (fig. 1). The tradition says that the ancestor of this gens 


Fig 3 — -CTC&t of the f^ens Smf/En, showing the moimtnin Hiiwii'kiiii, with two 
clouds near its summit, abo\e a mackerel sky. 



one day, when hunting in the mountains, found a house on which a killer 
was painted. The chief who lived m the house invited him and pre- 
sented him with his crest for himself and for his descendants. The 
crest consists of the killer- whale, eagle, swan, and heron. 

The crests of all gentes were obtained in like manner. 
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The gens Spatea'ilt have breakers painted on the house-front, and use 
in dances the mask of a large kind of whale of the crow, and of 

the black boar. 

The gens TumQoa'akyas use the mask of OnEstsito'rna (=tho sleeper) 
and the eagle 

The gens Tl’ak auinu'ot of the Nusk^’L^lstiimii use the moon (fig. 2) 

The gens Talo'stirnot of the Taho'mii use the raven, robin (^ain'a' qonc)^ 
eagle, whale, the bird VcutJala (genus ?), and satlsiVohj the flood-tide 
They have sun, moon, and stars painted on the house-front, and the 
um<y'mta suspended fioin the beams of the roof (see p 420) 

The highest gens of NutrEfl has the name SmiVEii (=tho north winn) 
lie has the mountain SuwiVkiiii surmounted by a mackerel sky, and with 
clouds on its sides, painted on hia house-front (fig. 3). Another object 
belonging to his crest represents waves. 

The children belong to the gens of cither father or mother, the dcci- 
sioii being left to the choice of the parents. 


SfCKI r >So<'ll IIFS AND THE PoiLAlCH. 

The social organisation, festivfds, and secret societies of the Bih^uLi 
are still more closely interrelated than they are among the Kwakiutl, and 
must be considered in connection Wo have to describe here the potlatch, 
the Sivsau'kH, and the Ku'siut. The Sisau'kii coi responds to the TlOola'qa 
of the northern Kwakmtl tribes, the KiVsiut to the Ts’OtsiVek a The 
Bilqula believe that the potlatch has been instituted by ten deities, nine 
brothers and one sister, the foremost among whom is Qe'ratsloa, to whose 
care the sunrise is intrusted. Ho resides with the others in a beautiful 

Fro 4 —Maisk repioenting QC'mtsio.i Fio r» Mask repie^mlint; 

Qi ni jf iiiaLVotla 




house in the far east, and cries 6^6’ every morning when the sun rises. 
He has to take care that the sun nses properly. The first six of these deities 
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aTe grouped in pairs, and are believed to paint their faces with designs 
representing moon, stars, and rainbow In the Ku'siut these deities 
make their appearance, and ar<‘ represented by masks which T have copied. 
Qe'mtsioa and QemqemaliVotla wear the design of tlio full moon, indi- 
cated m the mask Qe^mtsioa (fig. 4) by a double curved line in red and 
black, the black outside, passing over forehead, chf'cks, and upper lip. 
Qemqeraala'otla has a double curvi'd lino in red and black, the ri'd out- 
side, which passes over forehead, cheeks, and chin (fig 5) Aiumki likja. 
(fig. 6) and AiumahVotla (fig 7) near the design of the crescent, drawn 


Fio 0. K'piosf'ntmu Aiiimkl'lik\ n 1 u. 7 ^F.i'^k j ('prcKontin^ 

Aimn.iki'utki 



in red and hhick, with dificn’cnccs sinalar to tliose hotucen the fiist and 
second Tlie tilth, K ’omk ’oniki'hk\ a, and K ’ohut^'ica h,i\ e designs rcpio- 
stniting stars (tig 8), both wearing the same style of mask The seventh 
IS K’lilahpiwa, whose face represents the blossom of a salmonberry bush 
(fig 9). ^Jdie next in order, Kule'lias ( = wlio wants to have blankets 
first), wears the design of the rainbow in black and blue (tig. 10) The 
ninth, At’anuVk wears on tho head a mask representing a kingfisher, and 
IS clothed in a birdskin blanket. Tho la^t of the senes is a woman called 
TretsiVapletlaiia (=the eater), the sister of all the others Her face is 
painted with a bladder filled with grease (fig 11). She figures in several 
legends as stealing provisions and pursued by the people whom sbo has 
robbed. 

The Sisau'kir, which is t]anccd at potlatclies and other festivals of 
gentes, is presided over by a being that lives in the sun A man who had 
gone out hunting met the Sisau'kii, and was instructed by him in the 
secrets of the dance When lie returned ho asked the people to clean 
their houses, and to sticw them vv’ith clean .sand, before he consented to 
enter. Then he danced the Sisan'klt, and told the yieople what he had 
seen. He said that the being had commanded them to perform this dance 
and to adorn themselves when dancing with carved headdresses with 
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trails of ermino skins, and to swing carved rattles Tlie man, later on, 
returned to the sun. Pjver since that time the Hilqula dance the Sisau'kn. 
Besides this it is stated that the Raven gave each gens its secrets. 


Fi(i S — Mask i oprebi'nt iia; 
K orak ’omkriik}a 


Fio y --Alask representing 
K ula'qawa 




f/- 




Kach gens has its peculiar carvings, which are used in the Sisaii'kii 
only, and are otherwise kept a deep secict, i.e.,tliey are the sacred pos&es- 


Kio 10 — Mask representing KulOMuus 


Fig 11 -Mask representing 
'J'l etsa'ai)letlana 


le 


'ed 

ley 
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represent. Every time the sacred objects of a j?ens are shown to the 
people a potlatch is ^iven. The sacred objects, although the property of the 
various gentes, must nevertheless be acquired by each individual. That 
18 to say, every free person has the right to acquire a certain group of 
carvings and names, according to the gens to which he or she belongs. 
Slaves and slaves' children, also illegitimate children, could not become 
Sisau'kH. A person cannot take a new carving, bnt must wait until it is 
given to liim by his rolutivos— father, mother, or elder brother. Nusk'E- 
lu'sta, to whom I owe my information regarding the gontes, and who is 
a member of tlie gens lalo'stimot of the Taliohnit, stated that he had 
received the raven when he gave bis tirst potlatch. At his second potlatch 
he re(*eived the eagle Ho liopes that his mother will give him the whale 
at his next potlatch, and will at the same time divulge to him the secrets 
connected with it In course of time, ho said, be might get even others 
from Ins brother , but if the latter’s children should prove to be very 
good, and develop very rapidly, his brother would probably give his secrets 
to Ills children. At festivals, when a person acquires a new secret, he 
'•hangos his name. Each person has two names, a KiVsiut name, which 
remains the same throughont life , and a Qe'mtsioa name, wliich is changed 
at these festivals. Thus, Nusk’Elu'sta’s (which is his KCi'siut name) 
present Qc'mtsioa name is AtritlErnnii'lus’aiH, but at his next potlatch he 
intends to take the name of KaliiVkis These names are also the property 
of the vanou.s gentes, each gens having its own names In the list of 
gentes given above, the names enumerated are the Ku'siCit names of the 
ancestors. In two cases only the Qe'mtsioa names have been ascertained 
(see p 409) When a man possesses several Sisau'kn secrets he will dis- 
tribute them among his children. When a girl marries, her father or 
mother may, after a child has been born to her, give one or several of 
their Hisau'kn secrets to lii'r husband, as his children make him a member 
of the gens. When a person gets to be old ho gives away all his Sisau'kH 
secrets. After any secret has been given away the giv^er must not use it 
any more. The crest and the Sisau'kn carvings must not be loaned to 
others, but each person must keep Ins own carvings The only exceptions 
are the carved headdresses and the raven rattles, which are not the 
property of any particular gens. 

The laws regarding the potlatch are similar to those of the Kwakiutl. 
The receiver of a present becomes the debtor of the person who gave 
the potlatch. If the latter should die the debts become duo to hia 
heirs If the debtor should die his heirs become responsible for the 
debt. Property is also destroyed at potlatches. This is not returned, 
and serves only to enhance the social position of the individual who 
performed this act. It; is not necessary that all the property given 
by a person m a potlatch should be owned by him. He may borrow 
part of it from his friends, and has to repay it with interest. I was 
told, for instance, that a man borrowed a largo copper-plate and 
burnt it at a potlatch. When doing so he had to name the price which 
he was going to pay to the owner in its stead. Since that feast he died, 
and his heirs are now responsible for the amount named at the potlatch. 

The Ku'siut is presided over by a female spirit, called Anaulikutsai'n. 
Her abode is a cave ni the woods, which she keeps shut from February 
till October, remaining all the while inside. In October she opens the 
door of her cave and sits in front of it. A woman is said to have been 
the first to find her. Anaulikufsai'ja invited her into her cave and taught 
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lior the secrets of the KiVsiiit. She wore ornaments of red cedar-bark 
around her head, wrists, and ankles ; her face was blackened, her hair 
strewn with eagle-down. »>he commanded the woman to dance in the 
same way us she saw her dancing Thu people should accompany her 
dance with songs, and, after sin* had tinisned, they should dance with 
masks She said, ‘ WhencM i a person sees me your people shall dance 
the Kh'siut. If you do not do so I shall punish you with death and 
sickness In summer, Avhile I am in my house, you must not dance tlie 
Kii'siut.’ 

Ever since that time the Bilcpila dance tlie KiVsiut. When a man has 
seen Auaiihkiitsai'ii sitting l)i*foie her ea\o he will invite the people to a 
Ku'siut A ring made ol led «nid white cedar- bark is luiug up in his 
house, and the iinimfinfed are not allowed to enfer it Only in tJu* 
evening, when dances aio ])ei formed, tlu'V may look on, standing close to 
the <lof)r As soon as the danec'^ aie o\t‘r tliey must retiie trorn th(‘ 
talioo house Each KLi'‘'int lasts three da\s. 

The various dances peiloimed hv nn'inhers of tin' Kfi'siut nu' ako tin* 
property of the gentes, and the nght of pei forming them is u^liicted 
to mernbi'rs (d the gt'iis They nnisl not he given to a dauglitei’s hnsh.ind 
as is the case witli the Sisau'kii danees (see ab.ive), hn1 belong to the 
members of the gens alone They may, hov\e\or, be loaneil and boriowi'^l 
by inemherb of the gen'>, who ha\e a light to a particular dance, but wdio 
do not own it Permission to nse a mask or dance is obtained from tin* 
owner by payments ddn* owner may u'claim the dance or the borrowt'r 
may return it at any time. Memheislnpof the K ii'sint is obtaiin'd through 
an initiation. At this time the novice is given his Kn .siut name, wlmh 
he retains thiuughout life. Each gt'iis has its peculiar Ku'snit names, 
which arc inherited l>v young persons Irom their pni cuts or from otlicr 
relatives Thus a Aouiig man who luul tlie name of Pb'po until he w'as 
about seventeen year-^ old obtained at his initiation tlio name of 'J'rakb'otl 
I liave not reached a vei^ ilear understanding of tlie details of the initia- 
tion; it seems tlmt llu' d.inci* is simjiiy given to the novice in the same 
w’ay as the Sisan'kii, this initiation being connected with a potlatch But 
still it seems possible that he must ‘dream ’ of the dance wdiich lie is to 
pel form. Only tlie higlu'st degri'cs of the ICiiksifit have to pass through a 
religious eerernoiiy ot some importance. The highest degrees are the 
rlaqb'tla (the Ila'inats'a of tho Kwakiiitl), the O'li q (the Nfi'llrnatl of 
the Kwakuitl), and the DTi tia (tho Nohitsistatl of the IJO'iltsuk) These 
grades are also licieditavy A KiVsiut novice may acquire them at 
once at his first initiation 

When the rdaqotla is initiated ho goes into tho forest, wlnu-o he 
encounters his guardian spirit. It is believed that he goes np to the sun, 
and foimcrly he had to take human flesli along for food The chiefs held 
a coniitil the night preceding the beginning of the eeremonit's, and any- 
one who wanted to show his liberality oflored one of Ins slaves to be 
killed, in order to set ve as food for the i laqb'tla. The oiler was aoci'pted 
and a payment of from ten to twenty blankets made for tho slave. TJie 
latter was kdled, and the members of the ilaqo'tla order devoured one- 
half of tho body before the depaitnre of the novice to tho woods There 
the latter is tied up and left to fast. Jfo may st4iy there for twenty or 
thirty days until the spirit a])pear8 to him and takes him uf) to the sun, 
where ho is initialed. Early one morning ho returns, and is heard outside 
the houses. He has lost all his hair, wdiieh, it is believed, has been ton^ 
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out by the strong breeze blowing in the higher regions. He is quite 
naked) and bites everyone whom he can lay hold of. If he cannot catch 
anyone he will bite his own arm. It is believed that ho has lost his soul, 
which fled from the body when tho spirit came to him. Therefore the 
shamans must try for four days to recapture Ins soul. The night after 
they have recovered it the FlaqcVtla dances clothed in a bear-skin and 
wearing a large hcadring, heavy bracelets and anklets, all made of red 
and wlute cedar-bark. Some idaqr/ila do not bite people, but merely 
devour raw salmon, or tear dogs to pieces and devour them Those who 
bite people will also cat corpses. The Ehiqd'tia has to observe a number 
of regulations. For four years after his initiation he must not gamble. 
Ho must stay away from his wife for one year, but this period is being 
reduced to one month. For two or three months ho must not leave his 
house. 

'^Pho O'lKq (= tho laugher) and tho Da'tia (= tho thrower) do not go 
into tho woods to be initiated, bnt both must fast three days before tbeir 
first dance. Tho O'hq ‘makes fun of everything’ and scratches people 
with hia nails. ’Phe Dfi'tia carries stones and sticks, and breaks household 
goods and canoes. If ho has destroyed some object during tlio day he 
pays for it at night when he dances. The OlEq and the DaTia must stay 
for one month, after they have danced, in their houses 

If a person transgresses the laws of the KiVsiut, for instance when the 
nlaqo'tla gambles, or when a man ]>ei forms a dance to whicli he has no 
right, also when a person derides tlio ceremonies or makes a mistake in 
dancing, his punishment is <lcath Tlu* duel's assemble m council and tho 
otTonder is called before the court After his olfcnce has been proved ho 
is asked whether lie is willing to sufl'er tho jienalty of death. If he is not 
willing, and one of his relatues is found willing to take tho penalty on 
himself, the guilty ])arty is s{)ared,an(l tho substitute is killed in his stead. 
Tho execution of the judgment is eniiusted to the shaman, who bewitches 
the condemned person by thiowing disease into Inm, or by poisoning him 
in some other (supernatural’'^) way ’J’he object tlirown by the shaman 
is a shell, bone, or finger-nail, around the middle of which objects a human 
hair IS tied. If this object strikes the offender he will fall sick. Blood 
collects in Ins stomach, and if it so happens that he vomits this blood, and 
with it the disease-producing object, he will recover, and is not molested 
any further. Tho masks (not the whittles and other ornaments) used in 
the KrPsint arc burnt immediately at the close of each dancing season. 
ISTovices must w'ear a necklet of red cedar-bark over their blankets for a 
whole year. The rmusks used in the dances represent mythical personages, 
and tho dances are pantomimic lojiresentations of myths. Among others 
the thunder-bird and bis servant Atlqul.i'tFiium, who w’ears a mask with 
red and blue stripes over the whole fare from tho right-hand upper side 
to the left-hand low’cr side, and a stall with red and blue spiral lines, 
appear in the dances Prominent masks are also Qe'mtsioa and bis 
br withers and his si.ster (see p. 412), MasmasahVniq and his fellows, tho 
.Avon and the Nusqe'mta, and many others. 


CesrOMS REUARDING BfRIIf, PlTBRRlV, MaRRIAUE, AND DeATH 

When tho time of delivery approaches, the woman leaves the house 
and resorts to a small hut built for the purpose. She is assisted by pro- 
18111. E E 
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fcssional mid wives. The child is washed in warm water. For ten days 
the mother must remain in this hut. Father and mother must not go 
near the room for a year (according to Nusk’Elu'sta, for ten days), else 
the salmon would take offence. 

The child IS soon given its first name. On tins occasion the whole 
tribe IS invited to a feast, the name is made public, and the guests receive 
small presents. The child retains this name until it becomes a member 
of the KiVsifit, when it is given its Ku'siut name. This ceremony takes 
place after puberty has been reached About tins period the young man 
gives his first potlatch and a-^sumes the Qe'mtsloa name. 

When a gul reaches puberty she must stay in the shed which serves 
as her bedroom, wliere she has a separate fireplace She is not allowed 
to descend to the main part of the house, and must not sit by the fire of 
the family. For four days she must remain motionless in a sitting pos- 
ture She fasts during the daytime, but is allowed a liltlo food and 
drink at a very early hour m the moiiiing. After this term she may 
leave her room, but only through a separate opening. She must not yet 
come to llie mam room When leaving the house she wears a large hat, 
which jirotccts her face against the rays of the sun It is believed that 
if the sun .should shine on her fact' her eyes would suffer She may 
pick berries on the hills, but must not come near the river or sea for 
a whole year She must not cat fresh salmon, else she would lose 
her senses, or lior mouth would be transformed into a long beak. She 
must not eliew gum or eat snow (see Filth Ri'poit of Committee, 
1889, p. S.IH). 

If a }oung man wishes to marry a girl ho goe.s, surrounded by his 
friends, to tlit' house of the girl’s father and states Ins intention His 
friends cari} iood and presents, and if the fathei aect'pts the suit he 
sends out a }onng man, who receives the food and ]n’esents and cai nes 
tliera into the house Sometimes the fatlu-r does not accept the oiler at 
onee. In siuh cases the young man ma^ repeat the same ceremony until 
he IS finally I ejected or acc(*pted. After the time of the marriage has 
been agreed upon between the contracting parties, and the day pieceding 
the marriage lias arrived, the )Oung man invites all the pcojile to a feast, 
during which lie states that he is to bo married on the following day 
He asks a number of men, gcncmlly from twenty to thirty, and four 
women to a''.sisi him. On the following forenoon they assombh*, and 
accompany the brulegroom to the girl’s house They sing oufsuh', and 
four of th(» rricn dance All of them have their faces painted red Finally 
they enter, and the biidegroom gives a large amount of ]>ropeity to tlie 
girl’s father Then the gul leaves her parents and goes to the bride- 
groom, biinging him also a large amount of property which has been 
given to her for this purpose by her parents and relatives lie m turn 
gives her blankets and other apparel of the best quality, and distribules 
presents among her relative.s Thi.s is repeated after some time. All lie 
has given to hi^ bride and her relatives is repaid to him with interest. 
A rich girl wdl repay twice or three times the amount given by the man. 
At the time of the marriage the bride’s father may promise the groom to 
give him his Sjsau'kii secrets as soon as the pair have their first child. 
The children may belong to the father’s or mother’s gens, as the parents 
may choose 

In case a separation the wife refunds the amount of purchase- 
money. The children may stay with either parent, or part of them may 
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go with the mother and part with the father. The decision is left to the 
parents and children. 

When a person has died the corpse is washed, the face painted red, 
the legs are doubled np, and the arms folded over the breast. The nose- 
ornament of the deceased is put into his nose ; his shirt is put on, the 
back part covering the breast and the front part turned backward The 
body IS placed in a box and the latter is either fastened on the lower 
branches of a tree or placed in a little house, which is set on posts, above 
tlie level of the ground The face of the deceased is turned eastward. 
Part of his property and gifts from his friends are deposited near the 
grave. The masks of the deceased are burnt His crest is carv^ed on a 
memorial column, which also shows how many canoes, coppers, head- 
dresses, and slaves he had given away at potlatches. These objects are 
painted or carved on the columns Formerly slaves were killed at the 
burial of chiefs. The number of slaves killed was also indicated by so 
many human figures on the memorial column. After burial food for the 
nso of the deceased is thrown info the lire. This is repented frequently 
tluring a prolonged period after the death has occurred. Whenever the 
friends of the deceased partake of a meal a little food is thrown down at 
a place between the fire and the door, whore the entrance to the lower 
Aiorld, the home of the dead, is behoved to be. 

The bed of a mourner must he protected againt the ghost of the de* 
<'ca.sed. His male rclati\os slick a thorn-hush into the ground at each 
corner of their beds. After tour days these are thrown into the water. 
Mourners must liso early and go into the woods, where they stick four 
thorn-bushcH into the ground, at tlio corners of a square, in which they 
cleanse tlicmselves by rubbing their bodies with cedar-branehes. They 
also swim in ponds. After swnuiniiig they cleave four small tiees and 
creep thiongli the clefts, following the course of the sun This they do 
on tbui* subsequent mornings, cleas ing new trees every day INtoiirners 
cut tlieir hair short. Tlie hair tliat has been cut oif is burnt. If tliey 
should not observe these regulations it is believed that they would dream 
of the dt'oeased Women wlien mourning scratch their cheeks with 
shells or stones. 

Idle mourning regukations for a widower or a widow arc especially 
strict, For four days he (or she) must fast, and must not speak a 
Word, else the dead wife oi* hiisbaiul would hiy a liand on the month of 
the offender, who would then the They must not go near water, and 
tiro I'orbidden to catch or cat salmon for a whole year. For the same 
length of time tliey must not eat fresli herring or olachen. Widow and 
widower cleanse thcmsolves in tlie same way as other mourners. Their 
shadows are considered unlucky, and must not fall on any person. 

Some time after the death of a rich or influential person his nearest 
relative invites the whole tribe to a potlatch. On this occasion ho sings 
a mourning song for the deceased and gives away presents to his guests. 
It was explained to me that this cndeil the mourning, and that it was 
‘ the same as giving away the bones of tlio deceased.* 


Rf LiGiON AND Shamanism. 

The mythology of the Rilqnla differs greatly from tho mythologies of 
the other tribes of tho Nortli Pacific coast. It is impossible to say to 
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what cause this divergence is due. Mythology and religion are so closely 
connected that a few words on the former must be added here. The 
principal deity of the Bilqula is Snq, the sun-god (compare sdnii, sun). 
The rays of the sun are his eyelashes. When prayed to he is called 
Taat’au. In praying the Bilqula look heavenward. I obtained the fol- 
lowing formulas: AtJliUii ithythuq, TdaCau^ ‘ Look on us where we are 
going, Taat’au ; ’ and T<lat*au, atlKimltiiomdC/tlq, ‘ Take care of us, Taat’au.* 
Snq IS pre-eminently the ruler of the world, and does not interfere with 
the actions and thoughts of men. These are given by Masmasala'niq. 
According to the tradition of the Bilqula, before the liberation of the 
sun, and before the world was made as it is nowadays, four deities lived 
on the earth: ]\rasmasala'niq, Yula'timot, MatlapeVqoek, and Itritlu'lak. 
The raven wished to obtain the sun, bnt ho was unable to liberate it. 
Then he went to these deities and asked their help They ascended to 
the sky, and tore the curtain, which up to that time had been expanded 
between heaven and earth, liiding the heavenly orbs The sun appeared, 
bnt he shone dimly, as though darkened by clouds. The raven ascended 
to heaven through the rift made by Masmasala'iiiii, and found there a 
beautiful praino country in which all the birds lived ^fasmasahViiiq and 
his brothers painted them beautifully and sent tliern down to earth, 
giving each his song and his arts. Tho raven was not content with the 
sun, and resolved to try and find a better one. Jfc flew to the house of 
a great chief, who kept the nusqd'mta (uii ^i=placo of, 57r;u = thc 
day is dawning) The was a small round receplaole closed all 

around like an egg. The chief guarded it jealously, and kept it sus- 
pended from one of the rafters of his house. ’I’ho raven knew that ho 
could not obtain it hy sheer force, and resorted to a ruse He assumed 
the shape of the leaf of a spruce tice, and let himself drop into tlio pond 
from which the chief’s daughter used to take water The girl drank 
from tho pond, swallowed the leaf, and thus became with child. She 
gave birth to a boy, nho was tho raven himself ’fhe old chief loved tho 
boy dearly, and allowed him to play with tho n\t^qAwttt, This was what 
he desired, lie ran out of tho liouse, broke it, and flew away in the 
shape of a raven. 

After the sun had thus been obtained ^ra.sm,a.sal.Vniq said • ‘ Let ns 
make man ’ Ho made the image of a man out of wood, but he was* 
unable to endow it witli breath Matlapr*'eqoek and Itl’itluTak tried 
likewise to carve human figures and to give them life, hut they failed. 
Finally, YulaTimot carved the figure of a man and endowed it with life. 
He made a man and a woman lu each country, and they became the- 
ancestors of all tho numerous tribes Then MasnmsalaTuq gave them 
tbcir arts. Ho taught them to build canoe.s, to catch salmon, to build 
houses. He made rivers everywhere, that man should have water to 
drink, and that the fish might go up the rivers to be caught by man. 

The Bilqula believe that MasrnasahVniq and his brothers still continue 
to give new ideas to man. They say that any new do^gn of painting or 
carving, or any other new invention made by a mernbor of their tribe, 
has been given to him by Masmasala'niq. 

The religious side of the potlatch and of tho secret societies has been 
referred to above 

The soul is believed to dwell in the nape. It is similar in shape to a 
bird inclosed in an egg. If the shell of the egg breaks and the soul fliea 
away its owner must die. Shamans are able to see and to recover souls. 
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By laying their hands on the nape of a person they are able to tell 
wnether his soul is present or whether it has left the body. If the soul 
-should become weak they are able to restore it to its former vigour. If 
a person swoons it is believed that his soul has flown away without 
breaking its shell. The shaman hears its buzzing wings, which give a 
sound like those of a mosquito Ho may catch and replace it in the nape 
of its owner. If the soul leaves the body without breaking its shell the 
owner becomes crazy. 

The art of shamanism is bestowed by Snq It is impossible to obtain 
it by moans of fasting and praying, as is the case among the noighbonring 
tribes, but it is a free gift from the deity. A person who is to become a 
shaman will fall sick, and, during his illness, Snq will give him a song 
which must bo kept a deep secret After this ho is able to euro diseases. 
If a person falsely pretends to have received the gift of shaman ism^find 
tries to suck out diseases from a patient, he will fall sick himself ^ 

When asked more closely about the curious dilferonco between this 
method of obtaining tlio power and that of the neighbouring tribes my 
informant said ‘ When an Awiky’e'no<i wishes to become a shaman he may 
go to the mountain wliere the deity of their shamans resides (probably 
Ma'tem) who will initiate him. No Bilqula can obtain the art in such a 
way.’ 

Sickness i.s caused by a disease entering the body or by witchcraft 
{see p. 417) Tlie shaman is able to extract the disease by sucking A 
peculiar method of witchcraft, somewliat similar to tlie ‘ ek ’a ’ of the 
Kwakiutl (see Sixth Report of the Committee, ]). f>12), was described to 
mo as follows : I’he person who wants to bcwiteli Ins enemy endeavours 
to obtain some of lii.s old clothing, portions soaked by perspiration being 
considered especially etrectne. Alter it is obtained a wolf is killed, and 
the clothing is put into its mouth, which is tlien tied up. Then the wolf 
IS placed in a box. This procedure is called ttiiah. Sometimes the 
clothing or some hair is inclosed in the bone of a wolf or of a dead person. 
No shaman can counteract these charms. 

If a person has been murdered, and a .string is lied firmly around the 
neck of the corpse, the inunlerer'.s neck will become diseased and he will 
be unable to breathe and will die If .sand is sticwn in the corpse’s eyes 
and the lids closed over it the murderer will die. If a ]ior.son has been 
killed with a knife or arrow, or another weapon, to winch some of his 
blood adJieres, the latter is brought into contact with a wolfs head, dog’.s 
hair, or anything else that is bad, and then thrown into the fire or put 
into a frog’s or snake’s rmmth ; then the murderer will die. 

I add hero a few current beliefs : — 

Sneezing indicates that people are talking about one. 

Slight ringing of the ears indicates ram, loud ringing good weather. 

Twitching of the muscles of the left side of the body is unlucky; of 
the right side lucky. Twitching of the skin under the eyes indicates 
that one aviII cry. 

If a dog dreams and howls in its sleep its owner will die. 

The breaking of a box without an apparent cause is unlucky. 

Wars. 

When a war party was organised the warriors did not paint their 
faces, but they put on headbands of white cedar-bark and strewed their 
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hair with white eagle-down. Warriors when on a war party must not 
drink more than four mouthfuls of water, else they would be killed. A 
watchman was appointed in each canoe, who sat in the bow. On landing 
near the village of their enemies they divided themselves into a numboi- 
of parties, one house of the village being assigned to each. Then, early 
in the morning, when all were asleep, they rushed up to the village utter- 
ing their war cry * wai ! ’ Tliey took a stand at the fire which bums 
in the centre of the house, and if any one of the enemies succeeded in 
taking up his arms and came out of his bedroom they killed him Then 
they entered the bedrooms, killed the men, and took the women and children 
along as slaves. The heads of the dead were cut off, the houses burnt, 
and they returned home singing war-songs. The heads which they had 
taken along were then scalped, and the scalps tied to each end of a pole. 
When they approached their village one man stood up in the bow of each 
canoe and swang the pole to which the scalps were attached, and they all 
sang songs, m which their deeds were recounted. Tho scalps were 
valued the higher the longer and fuller tho hair. They were used in tho 
Sisan'kH. 

The following tales of war expeditions offer some points of interest. 
About thirty or forty years ago there was a turn me at Bella Coola. The 
people went overland to Knight Inlet, which belongs to tho Tenaqtaq, a 
tribe of the Kwakintl, to fish there Tho Tenaqtaq made fun ot tln'm, 
took from them the fish they caught, tore the blankets from tlie backs of 
the women, and seduced many of them. Finally the Bihpila ri'turned 
home. There they held a council and resolved to make war upon tlio 
Tenaqtaq. The Tinneh joined them in this expedition. They crossed the 
mountains in four days. When they approached Knight Inlet they sent 
two spies in advance, who were to count tho number of houses in tlie 
village of tho Tcnaijtaq. Early m the morning they attacked tho houses, 
and killed a great many men. The Tenaqtaq could not escape, as they 
were hemmed in by the river. The Bilqula slew them with knives, 
lances, and stone axes. They took away the clothes of tho women, 
leaving them naked, and subjected them to shameful insults in revenge 
for the disgrace put upon their wives and daughters. Then they burnt 
the village. 

About thirty-five yeans ago tho Talio'mii were attacked by the 
Kwakintl. Originally they intended to attack Nuqa'lkii, but the raven, 
according to the narrator, changed their mind, as he always protects tho 
village of Nuqa'lkir. They came in many canoes, while most of tho 
Talio mir were at the lake, which is situated above that town, fishing. 
Four men were in charge of tho village, and a number of old men and 
women had also remained at home. Tho father of Nuskb.lu'sta, who told 
me of these events, happened to bo out picking berries, accompanied by 
his wife. Ho saw the canoes passing by and kept himself hidden. Tho 
village of Talio was at that time surrounded by a strong stockade, which 
consisted of a double row of palisades crowned with thorns. At each 
corner there was a strong box fastened on the stockade like a tower. 
Here watchmen were stationed, who were able to shoot at tho enomy 
while being themselves protected. At that time tho Talio'raii had only 
four guns. The Kwakiutl sent out two spies, who reported that the 
village was well fortified. The Talio'raii had seen the canoes coming and 
were on their guard. The Kwakintl thought that they would not bo 
able to enter the village until after the stockade had been destroyed. 
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They resolved to make an attempt to burn it and to break open the door. 
On the followinfy day they came up to the village, but the guard on tho 
towers used their guns to such good effect that the enemy had to retreat 
with severe losses, 'l^hey made still another attempt, but with no better 
success. They had lost many men, while only two old men of tho Talio'mn, 
TuraHa'akyas and A'lk’ius by name, and one woman had been hurt. The 
latter had been killed. When the Kwakiutl turned back a messenger 
was at once sent up to the lake to call tho young men, who then went to 
Nuqa'lkn to ask for help. The Kwakiutl passed close to Nusk’Elu'sta’s 
father’s canoe, but they were so territied by the losses they had sustained 
that they passed by without so much as noticing it. Two of their number 
were so ashamed of their defeat th.at they would rather remain in the 
enemy’s country than return witli their friends, and they stayed ashore. 
Meanwhile the ^ralio'niH and tho Bilqula were pursuing the fugitives. 
They liad reached tho outlet of Bentinck Arm without overtaking them. 
Then their chiefs resolved to return, as they believed that their enemies 
had a long start upon them. Ijater on tliey learnt that tho Kwakiutl 
were at tluit moment only a few miles from them, about to continue their 
homeward journey, after liaving encamped at tlio outlet of the channel. 
Afterwards the Taho'mii found the two men who had remained ashore. 
They called them and promised to .send them back to their frn'nd.s, saying 
that the war had ondeii, and that they had no grudge against them. Tho 
men were, however, too much afraid, and finally starved to death. 

Later on tho Taho'mii and Bilqula organised an expedition against the 
Kwakiutl to take revenge for tho unprovoked attack. A chief named 
Koauida, whose fatlu'v was a 'raho'mn, while his mother was a Kwakiutl, 
was their leader. They intended to attack the Le'kwiltok and the 
Kwe'k sot’enoq Wl'en they ajiproaehed tho village of tho latter they 
sent a canoe ahead to search for the \illage, and to report the number of 
hou.sos. For two days tliey were unable to find the Aillage, which lies in 
a labjriiitli of islands , but finally they found it, and saw that it consisted of 
sixteen houses On the next morning they attacked it Tlie tribe was 
wholly taken by suipnsoand almost all ot them were killed Koaiii'la’s 
mother lived at tins place, and when she heard the Bihpila coming she 
asked at once for lier .son, and was taken care of by him. Only five men 
and four women escaped, 'fhe Bilqula allowed these to run away, as 
they had killed as many as they desired AnukHi'tsem, a chief of tho 
SEnqtli/mh, was tho only man of tho Bilqnla who was wounded. Ho 
died on tho way home. They returned, but in the country of tho 
NiVkoartok they were overtaken by four Kw'akiutl canoes which pursued 
them. The Bilqula were victorious, but KoaHi'la induced them to desist. 
During tho fight two of tho women, whom they had taken as slaves, and 
one boy jumped overboard, and wore rescued by the Kwakiutl. 


Medicine. 

Boils are treated by cauterisation w’itli dry bark or with gunpowder 
Sometimes a series of pamllel cuts is made over swellings or boils. 
Fractured bones are set, and fastened between splints of cedar-bark. 

Enemata of shark oil or olachen oil are given by means of a kelp tube, 
with a mouthpiece made of the wing-bone of an eaglo. Snake poison is 
collected and used as a poison. Women wear tight anklets ‘ to prevent 
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the calves of their lega from slipping down.* Baring their monthly 
periods women place soft cedar-bark in the vagina. The bark is afterwards 
burnt in the woods. The smoko of this fire is believed to bo poisonous. 

It is evident that the culture of the Bilqula is very greatly influenced, 
by that of the Kwakiutl. The secret societies and the potlatch ceremonies 
are almost a copy of those of tlie Hciltsuk’. Tliis influence has been so 
deep that names of even deities and of the mythical ancestors of certain 
gentes are purely Kwakiutl Avords, or have at least Kwakiutl endings. Thus 
the name Aiumki'hkya (see p. 413) is purely Kwakiutl, meaning ‘ good all 
over the world.* K'’6mk ’oniki'likya is also a Kwakiutl word, meaning 
‘ the rich one of the world.’ Tlio chief’s name, MjVlakyilatl (see p 409) 
belongs to the same class of Kwakiutl names On the other hand, the 
religious ideas of the Bilqula are very curiously developed, and apparently 
but slightly influenced by their neighbours The whole Masrnasala'niq 
tradition is peculiar to them, but has been partly adopted by the Awiky*- 
e'noq, with ivliom the Bilqula have intermarried. 


PHYSICAL CHAR ACT LRLSTICS OP THE TRIBES OP THE 
NORTH PACIFIC COAST 

I’he folloAving tables embrace a considerable amount of material which 
I collected on a journey in Oregon and Washington, undertaken for the 
U.S. Bureau of Ethnology, together with material which I collected in 
British Columbia Thanks to the Idierality of Major J. W. Powell, 
Director of the Bureau of Pithnology, I am enabled to present hero 
the results of all the measurements which I made on the North Pacific 
coast. 

The tribes of this region proved to be so heterogeneous that it w'as 
nece.ssary to subdivide the material into eleven groups, each (‘nibracing a 
number of closely allied tribes. I liave distinguished the following 
groups : — 

1. Tribes of Biitish Columbia, north of Dean Inlet 

2. Kwakiutl and Nootka. 

3. Bilqula 

4. Lower Pras(‘r River 

5. Harrison Lake and Lillooet 

0. Tribes of Washington, including the whole coast of that State west 
of the Cascade Range. 

7. Columbians, including the tribes in the immediate neighbourhood 
of Columbia River and in the Lower Willamette Valloy\ 

8. Northern Oregon, including the Yakoniin and Salisli tribes between 
Umpqua and Columbia Rivers. 

0. Oregonian Tinneh and Coosan 

10. Crosses between Oregonian Tinneh and Northern Californians. 

11. Northern Californians. 

Only a short series of measurements of each individual was made, such 
as could be taken by the removal of only a small portion of the clothing. 
Following is a list of the measurements. 
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1. Stature. 

2. Fiuger-reacb. 

3. Height of ear. 

4. Height of 7th vertebra. 

5. Height of acromion. 

G. Height of point of second 
finger. 

7. Width between acromia. 

8. ]Ieightj sitting. 

0. Length of head 


10. Width of head. 

11 Width between zj'gomatic 
arches. 

12. Distance from naso-frontal 
suture to chin. 

13 Distance from naso*frontal 
suture to mouth. 

14. Height of nose. 

1."). Width of base of nose. 

IG. Maximum widtli of nose. 


In measuring the ‘ stature/ the subject was asked to stand erect, but caro 
was taken to avoid excessive stretching, as in these eases the stature during 
the process of measuring would undergo material changes. The ‘ finger- 
reach ’ is the greatest distance between tho tips of tlie second fingers, tho 
arms being extended horizontally In this case tho subject was encouraged 
to make the strongest possible effort. The measurements of stature, lieight 
of acromion, lieight of point of second finger, were taken in rapid suc- 
cession, in order to avoid changes of position as much as possible. In 
measuring tho ])oint of tho second finger tho arms and liands were 
stretched out downward, so that hand and arm formed as nearly as pos- 
sible a straight line. A glance at tlio tables will show that tho results of 
tho nieasuremeiits of ‘ lieight of ear’ (being the dilleronco between tho 
stature and tho height of oar above tho ground) as obtained by this 
method are very unsatisfactory. In most ca.ses it >\as dillicult to obtain a 
feufficientlv level surface for a satisfactory comparison of the two measure- 
ments. Only among tho Bilqula and the last three groups this difficulty 
did not present itself. But even m these cases I do not consider tho 
results very accurate, mainly on account of the unavoidable movements 
of tho subject 1 should prefer, at another time, to measure the distance 
directly by Topinard’s method I’he diflcrenco between tho heights of tho 
acromion and of the point of the second finger gives tho length of arm 
with greater accuracy, because I was able to take tlieso two measure- 
ments without moving tho scale. The length and width of tlie head are 
maximum measurements , the former is always taken from the glabella ; 
tho vertical measurements of the face wxto taken from the naso-frontal 
suture. 

The indices require little explanation. The cephalic index is the 
proportion between lengtli and width of tho head, the latter being 
expressed in per cents, of the former. The index of the height of ear is 
the proportion between tho length of head and tho difference in height 
of the ear and vertex. The facial index is the proportion of tho naso-mental 
line to the width of face, the index of tho upper part of the face the pro- 
portion of tho naso-oral hue to the width of face I have given two 
nasal indices, the proportions of tho basal width and maximum width of 
tho nose, tho former being measured at tho insertion of the alie, to tho 
height of nose. The last three columns contain finger-reach, height sitting, 
and length of arm, expressed in per cents, of the stature. 

Before discussing tho measurements I give the tables. The descrip- 
tions are withheld for the present, as it is desirable to gain some new 
data. 
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1 . Variout Northern Tribes. 


i 



Number 


Males 

1 1 2 I ! 4 j "> 


G 






rt 




Name 

j o 

1 *0 tc 
‘ S ?C 
; ^ .tJ 
! O 

1 

Johnny Dixie 

Johnny 

B 

S 

rr 

»- - 

5 

_rt 

5y 

)4 

o 

a 

cfl 


1 

i 

J ] 

c 9 

cT 72 

C 72 

- 


] 

Tnbe 

1 O Q 

t 

os 


-S 3 
s 7. 

h c 

'7 ^ 

3 3: 

a 

a 


1 

^ ItJ 




/ ^ 




3 


H p 





Ago . . . . 

f 

••0 1 

32 

2H 

25 

21 

20 


mm 

mm j 

mm 

Him 

mm 

mm 

mm 

Stature , . , , 

1,GS‘J 

1,601 1 

1,6; 7 

],(.10 

1 ."so 

l.(.2S 

LC.IO 

Finger- reach 

1,705 

l,(;i)2 ' 

1,727 

__ 

1,(>7(> 

1,717 

1,713 

Height of &e\eiith \ertebni 

— 

1JG2 I 

- 

1,100 

i,.r)3 

1,,'00 

1 ,355 

Height of acromion . 

1,382 j 

1,31 Ir 
l,28f,/ 

' 1,313 
) 

1,3J!) 


i,3.;() 

1,3.}3 

Heiglit of point of secoiul tin- 

G12 

570/' 

57r (.11 

.507 

508 

600 

ger 








Width between aeroriii.i 


' - 1 

— 

- 


.!81 

368 

Height, sitting 


HT3 ! 

87 6 


0 ()s 

80.5 

Length of arm . 

770 

716 , 

712 

715 

721 

732 

73.J 

Length of head 

102 

203 

201 

! 02 

loo 

106 

200 

Width of head 

1 lU 

150 

151 

160 

150 

1 6.5 

166 

Height of ear . 

1 10 


127 

127 

1 26 

133 

127 

Width of face . 

151 

U2 

151 

146 

151 

' 151 

158 

Distance from ohm to naso- 

130 

118 

128 

12() 

> 122 

12.5 

124 

frontal suture 








Distance from mouth to naso- 

1 7G 

8<; 

IK. 

SI 

74 


7.5 

frontal suture 

! 







Height of nose 



57 

62 

51 

51 

56 

Width of base of nose 

j 


— 



, — 

31 

31 

Maximum width of nose 

3H 

11 . 

38 

33 

, 38 

42 

, 38 

Cephalic irid<‘X 

j 77 fi 

78 3 

76*6 

83 3 

i 70*0 * 

' 79 I 

' 83 0 

Index of height of ear 

1 77 6 

— 

63 2 

66 1 

63 3 

(.7 0 

' 63.5 

Facial index 

j 84 4 

83 1 ' 

84 1 

K6 3 

80 8 ' 

‘ 82 8 

: 78 3 

Index of upper jiart of face 

10 4 

60 6 j 

60 6 

65 6 

40 0 

5.{ 6 

' 47 6 

Nasal index 


— 1 

66 7 

53 2 

70 1 , 

> 77 8 

67 0 

Index of base of nose 

1 C6 6 

- 1 





— 

.57-4 

I 66 4 

1 

Finger-reach in per cent. , 

^01 0 j 

105 6 ‘ 

106 6 



105.5 

107 3 

! 105*8 

Height, sitting „ „ 


64 5 j 

53 :> 

_ 

— 

65'8 

! 66*3 

Length of arm „ „ 

45 6 1 

117 ' 

43 6 

43 4 

45 6 

46-0 

46*3 
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2. Kwakiidl and Nootla. 





I 

^lales 




II. Females 

1 


.1 

1 

5 

6 


8 

9 

10_ 


1 








rt 

Vi 

cl 

a 


B 






■3 

o 

o 

a 

w 


a 



a 


-r 

a 

cz 

ri 

S 


S<' 

E 

♦-> 

'J 




-c 

r« 

C 


A 

^/J 


< 

5^ 

a 

t 

’ n 










H 

c ^ 



o 

1 

1 

■g 




it o 












n 


cr 

f 

5 

a 

5 

X 

rt ^ 

vj 1/2 


J2 

t! 

ci 




a 


'y 


'A 

3 

Ut 



o 




21 

31 

10 

.70 

10 

18 

5“ 

25 

.52 

55 

mill 

min 

rnin 

rnin 

nun 

inni 

mm 

in in 

mil) 

mm 

1,1)47 


1,0.5 5 

1,575 

1,012 

1,571 

1 ,5t),5 

1,711 

1,111 

1,171 

1,7.00 

1,HU 

1 Tso 

l.l.hl 

1,051 

1,791 

1,712 

1,829 

1 ,5.5,5 

1,571 


1,150 

1,.5S0 

1,299 ' 

1 ,.>(».5 

— 

1,020 

1,175 

1.225 

1,2.58 

1,3:K) 

1,.181 

1, 51 1 

1 ,292 

1,513 

1.27(. 


1,105 

1,191 

1,191 

.•i74 

029 

57-8 

571 ; 

58t> ! 

190 

i :,-2 1 

1 

018 

521 

536 

387 

.597 

* .'571 


.570 ' 

.580 

I 

! 580 



330 

340 

HSU 

1 870 

898 

87 > 

.S7o 

8 5H 

1 8 5S 

91 1 

799 

804 

77)0 

' 752 

i 

7 50 

721 ‘ 

721 

780 

1 7 50 

7.85 

oTO 

055 

20 J ' 

195' 

200 ' 

200' 

19.5 ' 

196 

1!M 

189 

177 

1 87 

101 ' 

1 58 ' 

K.l ' 

1 75 ’ 

1 19 1 

150 

1 .55 

102 

143 

151 

13U'. 

111' 

l.ii. ' 

1.50' 

1.50 1 

120 

i 1 lo 

1 55 

1,58 

120 

110 

152 

157 

1.58 , 

1.50 i 

1 5 1 

1.50 ^ 

i 1.52 

1 51» 

1.52 

110 ‘ 

127 

1 10 

121 

127 1 

121 

’ HI , 

127 

113 

119 

73 1 

81 

90 

81 

1 

79 1 

1 

78 

i .87 1 

78 

75 

i 81 

.fJ3 1 

5" ' 

0 5 

.51 

.50 , 

r> "> 

(itS 

60 

51 

i 53 5 

:i3 , 

.)0 

.50 

— 

.57 ] 

.59 

; 31 i 

: 

' .51 

.53 


,55 

.59 

,55 ' 

ii ! 

10 

1 .57 i 

41 

.52 

37 

80 1 >' 

81 O' 

82 O’ 

.85 O’ 

77 2 i 

75) 5 

80 3 ' 

8.5 7 

' 80 8 

80 7 

6U 2 » 

73 8' 

7.5 0' 

0.5 1 ' 

70 5 ! 

01 2 

72 5 

71 4 

78 0 

. (,7 4 

79 5 

83 6 

89 2 

87 7 

81 0 j 

78 0 

94 0 

, ,8.5 0 

' 81 3 

' 78 3 

50 0 

56 .5 

57 3 

58 7 1 

52 0 

50 0 

58 0 

47 .'5 i 

• 51 0 

53 3 

73 0 

01 4 

01 9 

<>1 8 i 

82*0 1 

72 7 

58 7 i 

(js ;5 ! 

; 02 7 

' 09 1 

62 3 1 

62 8 

47 0 

) 

71*0 1 

1 

70 9 1 

54 0 j 


; 60 8 

, 01 7 

106 6 

108*1 

109 0 
65 0 1 

105 0 1 

102 4 

113 8 1 

1113 j 

1 106 9 i 

! 107 9 

106 8 

54 0 

51 7 

65 4 1 

513 

632 

63 5 

5.5 4 ; 

i 65*4 ■ 

54 7 

45*1) 

44*4 

45 1 

46 8 j 

44 9 

19 6 

46 6 

45 9 

j 46 4 

44 5 
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- - - 

- 





' - 

- 

— — 

j Nunib<"r 

1 

2 

.3 

4 

5 

6 

7 

s 1 



& 


rft 

a 


« (TJ 



1 


a 

o 

3 


2 S-. 



' Name .... 

1 

bo 

< 

k. 

P. 

5 

0) 

o 

o 

-"1 o 

B § 

a 

a 

0) 

tt 




es 


O 





’ 

a 

£3 


P 

H 



ds 




J? 




' 



o 



F" 



^ T 


1 

ci 



3 


Tribe . . . ^ 

/ 

ct 

P G 
rt " 

X ^ 

rt 

o 

3 

a 

tH. 

j 

(U rt 

O ci 

1 g 
i. 5 

0 

. 2. 
Ji? 

rt ^ 

1 


r»-i 

Ji 

'X >5 

KLd 


Jj 

Pd >5 






g, p:? 



^ Pi 


Age 

! 

D-IO 

10 

10 

10 

12 

12 

- 


in m 

mm 

mrn. 

mm 

mm 

mm 

mm 

rnm 

Slaturo 

1,211) 

1,200 

1,378 

1, 521 

1,.5 52 

1, 58) 

1,3(.S 

1,365 

Fin^rer-renoli . 

1,2 IX 

1,270 

1,1.35 

1,364 

1,378 

1,162 

1,419 

1,428 

Heiglit of Ttli \< itchia 

1,020 

1,002 

1,10S 

1,117 

1,125 

l,lt)T 

1,156 

1,11.5 

Ilfigl't of aororu'on 

, 1)7 1 

1018 

1108 

1,002 

1,070 

1,005 

1,105 

1,077 

Height of point of second 

132 

451 

403 

4()0 

186 

4 7u 

.50 4 

469 

fingei 

Width bet worn atiotin.i 

27.i 


.322 

2H0 

316 

.51 1 

.518 

310 

Height, silling 

<)Ml 

70.5 

7 53 

717 

72 f 

740 

71,5 

717 

Length of aim 

512 

.551) 

GI5 

.503 

503 

620 

601 

608 

Lengtli of lioad 

170 

172’ 

18,3 

177 5 

170 

178 

16 5' 

17.5 

Widtli t)f brad 

I 1 ir> 

154' 

1 5.5 

151 

1 1 52 

1.55 

151' 

152 

Heiglit of eai 

' 111) 

' U2 

1 .52 

12.5 

126 

120 

1 50 

137 

Width of fat e 

1 2.5 

128 

1 12 

127 

1.33 

132 

1 55 

1,36 ' 

Distance from (Inn to 

! 102 

lOG 

105 

, 106 

105 

]]() 

101 

107 1 

naso-tront<il sutuir 
Distance fiom mouth to 

: 

Gi 

64 

65 

68 

60 

67 

1 

72 * 

naso-frontal suture 
Height of nose 


41 

43 

46 

11 

41 

43 

45 

Maximum width of nose 

2S 

21) 

28 

22 

25 

28 5 

28 

20 

Width of liasc of nose 

.3.5 

.H 

.51 

20 

3.1 

35 

33 

, .33 1 

Cephalic iialex 

■ 85.3 

.s:> 5' 

81 7 

85 1 

80 1 

87 1 

0.5 3’ 

8()1) 

Index ot height of i ai 

70 0 

05 1 

72 1 

70 1 

71 1 

72 5 

7.8 H 

' 78 3 

Facial index 

81 6 

, 82 8 1 

73 0 

8.3 1 

78 0 ' 

8.) 5 

77 0 

' 78 7 

Index of upper pat! of 

.51 2 1 

1 50 0 1 

45 1 

512 

51 1 ' 

.52 3 

10 6 

52 9 

face 

Nasal index 

8.5 3 ' 

' 82 0 , 

70 1 

6.3 0 

1 1 

' i 

1 7.5 0 

70 5 

76 7 

73 3 

Index of base of nose 

08.3 1 

; 70 7 

G.5 1 

i 47 8 

56 8 1 

61 7 

65 1 

1 (14-4 

Fingcr-reach, percents . 

101 5 

101 5 

104 1 

103 0 

103-4 1 

10.5 8 ' 

103 7 

104 6 

Height, sitting, „ 

66-1 

56 0 

63 2 

1 54 1 

1 54-4 

54 2 

54 3 

. 54-7 

Length of arm, „ 

' 44 6 

1 ' 

44*4 

41G 

j 

i 44-5 

1 

449 

43 9 

L 

44-5 


' Doubtful whether head deformed. 
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9 

10 

11 

12 i 

13 

14 1 

1 

15 1 

IG 


18 

19 1 

20 

Andrew Shea 

S 

3 

k, 

c; 

w 


1 

1 

8 ! 
< , 

! 

o 

tP 

o 

o 

C 

1 

w 1 

1 

! 

1 

h 

Captain I’aul 

CC 

i 

o 

o 

o 

2 1 

1 

1 

1 

Captain Jim 


M 


1 


« i 

■ 




! 


i 

k. 

O 

O 

cS 

U 

9 

S 

a 

o 

w 

JJ 

rti 

ci 

B 

j. 

3 * 

2 : 

O ! 

5<i s 

1 

S 

C3 

s 

Xekamer 

d) 

Si 

"o 

CJ 

Eh 

CJ ' 

H 

i 

1 

i 

73 

o 

12 

1 

11-15 


15 

.51 

•ir. 

4s 

r,o 

50- .55 

1)5 

70-80 

mm 

mm 

mm 

mm 

mm 

mm 

mil) 

mm 

mm 

m m 

min 

mm 

1,40.1 

l,.j')7 

1 519 

1 ,570 

1,900 

1,9 ‘>7 

(1 9(„l) 

— 

I3;i9 

1 ,()l m 

1,(.51 


l,4:{.s 

1.119 

1.814 

1,G82 

1,931 

1,720 

1,S07 

— 

1,750 

1,701 

1,807 , 

— 

1,191 

1,1^4 


1 559 

1 , 559 

— 

— 

~ 


„ 

- 


llltr^ 
1124^ ) 

1,12.5 

1,272 

1,279 

1,2 ''9 

1,.5I.5 

-- 

- 

1, 519 

1, 521 

J,;559 

- 

01 U 

5 -JO 

1 

5s(> 

.5(.s 

599 

(.17 

(5M) 


557 

5>1 

510 

— 


' 277 

'll.s 

.571 

319 

109 , 



„ 

.578 

.570 

1 .5S1 ' 


711 

1 

82.5 

.SI 9 

85 1 

.''9s , 


— 

900 

, 870 



on 

1 .59; t 

».s<, 

711 

(►9.» 

72<. 1 

— ' 

— 

; 792 

741 

1 819 ! 

1, j 

— 

170 5 

171 

ISO 

185 

183 ' 

' 191 1 

200‘ 

1.8h^ 

' 18.5 5' 

187 5' 

i 190' 

187' 

102 

, 152 

157 .5 

1 r,8 

1 1 


181' 

1G9- 

; 1H3' 

170' 

171' 

1G6' 

l.U 

i.;i 

[ 1 SO 

1 111 

LSs ! 

! 130 1 



1.58 

1 1 53 

1.-58 

— 

129 

1 129 

: 114 

ll.s 

1 57 

151 

IG7 5 

157 

1 11.2 

11)1 

IGl 

IGO 

10.1 

105 

: 121 

i 

ii(> 

111 

122 , 

119 

122 

j ’■*' 

1.52 

1.0 

124 

70 

1 OS 

77 

7.S 

72 

7(. 

, 1 

71 

85 

‘ 8» 

8G 

i 83 ' 

.81 

r> 

, 12 

1<) 

1 

i 

1 

i 

1 1 

1 .5.5 ' 

.52 

.5G 

1 

1 02 

1 .58 

1 I 

I .50 i 

GO 

:5l 

i 3 1 

28 

.55 

.51 

i .5.5 

.52 

.55 


31 

j 3.5 

32 

27 

[ .17 

;si 

U 

L 

I .59 1 

41 

10 


38 

1 *58 


80 7 

,SS 9 

.s7 5 

.s'5 1 

* -Si 7 

' .*^2 7 ' 

90 5' 

88 .5^ 

' 100 O' 

90 G' 

j 89 5' 

' 88 8' 

74 2 

7(» li 

72 2 

7(5 2 

' 75 1 

i (,H 1 ' 

— 


! 81 9 

70 9 

1 72 G 

1 

79 ,H 

81 1 

.SI 0 

SI 1 

1 .8.5 2 

I SOS 1 

71 0 

77 7 


82 0 

1 80S ^ 

77 1 

54 2 

52 7 

5 '5 5 

51 0 

.52 <) 

I 50 3 

44 2 

nil 

j 54 9 

5;5 1 

i 51 G I 

} 

50 0 

82 2 

8,S 3 

7:1 9 

83 S 

70 7 

70 9 

78 8 

t 

, 71 4 

' 72 4 

G5 .5 

1 G7 9 

65 0 

08 9 

78 <5 

j GO 9 

71 4 

1 GO 8 

GOO 1 

1 G1 5 

1 

1 G2 5 

1 .59 7 

. .53 4 

1 58 9 

53-3 

102 5 

101 G 

lot 2 

lOG 7 

' 102 1 

; 103 7 

108 7 


, lOG 1 

105 9 

' 113 1 



53 0 

5;{ G 

n;i 3 

53 9 

53 2 

512 

— 

j z 

i 54 G 

512 

i — 

— 

43 7 

42-5 

44 3 

45 1 

43 3 

1 43*8 

1 ^ 

— 

I 

! “ 

1 48 1 

1 4G1 

1 

j 49 0 



‘ Head dcfoimed, * Doubtful whether head dcformcti. 
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7 . Columbians. 


I. Maica 


Number . 


Name 



1 


^ 'n 

1 

1 3 5 


1 M 

1 c3 

Trihi’ . . 

§ 



a ^ 

. "o 





<J u 

a 

1 


f; 


F 

1 

Auc 

1 2 

1.”) 

17 

21 

21 


mm 

mm 

mm 

nun 

mm 

Statute , . 

1,117 

1.1. U 

1, (>(>•> 

1,717 

1,027 

Kmger-reacli . 

Lira. 

1,71.1 

1,70S 

LSI! 

1,777 1 

Height of '>e\enlli veitelun 

1 ,2iJ 

— 


1,701 

1.107 1 

Height of acromifin 

1,1 OS 

1,2'):, 


1,100 

1,.{()H 1 

Height of point ot s( cond tim^o i 

oi: 

{“72 

j,».) 

td.i 

778 

Width between at'roiuia 

.110 

117”) 


)2(» 

770 

Height, silting 

77.”) 

8t,7 

.S,S<) 

1172 

81)7 

Length of.ti 111 

b",l 

71. { 

71 1 

7b7 

770 

Length nl 111 ad . ♦ . , 

17H 

170 

isi 

1')] ' 

188 

Wifitli of head . .... 

. I 17 

I 70 

1 Id 

II, 1 ' 

I,7,{ ( 

Height ot e ir . . . . 

LU 

120 

J to 

ini' 

121 ' 

Width of f.ice. 

' Idl 

1 ] 10 

1.7”) 

in 5 

J 17 

Distaneo from rhin to nasri-fiontal ‘'iitiirc 

HO 

' 110 

lbs 

12') 

120 

Distance fioni mouth to naso-fiontal suture 

70 

, 72 

t,d 

81 

7i, 

Height of nose 

1 no 

02 

IS 

r,'» 

.75 

Wifltii ot liase of nose .... 

lit 

1 d2 

; .17 

21) 

1 d J 

Maximum width of nose . , . . 

■ .51 

1 :}H 

1 

, .17 

1 40 

('e[)halic mdi‘\ ..... 

H2 0 

.S.tK 

-SI 0 

sn 1) * 

I 82.7 

Index of height of eai 

71 7 

j 72 1 

70.1 

so t) ' 

0(, 7 

Facial inilex .... 

«8 0 

! 82 !) 

' 87 1 

81 7 

82 8 

Index of upper pait of face .... 

; HHO 

! r,i 1 

ni 1 

ni 0 

72 1 

1 Nasal index 

1 02 0 

7.n 


(.2 7 

72 7 

i Index of base of nose ... * 

1 LStt 

I ^1 

1 t)15 

1 

0.1 ,7 

11) 1 

00 0 

Firigei -reach in pircdit. 

101 :i 

i 101 s 

1 02 .7 

101 1) 

101) 2 

Height, hitting, ,, ... 

.n.'i <; 

.7.10 

.7.1 5 

.7 1 .7 

77 1 

Length of aim, ,, 


1.7.7 i 

-12 8 

4.7 1 

47 0 


* Head deformed 
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7. ColuntUam (continued). 





I Miller 



i' 

j 


[I. Females 

() 

7 


I) 

10 

11 

12 

1.3 

11 

15 





o 
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V-, 

£ 

U 

s 

6 

•3 

a 

o 

o 

O 

o 

d 

fS 

K-, 
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ii 

3 

O o 

U 

Pi 
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'o 

1-3 

K 

o 

M 

ri 
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o 
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1-5 

o 

z 








j; 

CT 









0 

o 


a 

o 

4^ 

rt 

rt 
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rt 

s 

c3 

o 

S3 2 
^2 -5 -’5 

O r'. o 
^ _ rt _ jv 

^ rt 

c p 

ct 

i 

rt 

a 

75 

X 

Z 
rt 72 

>5 ^ 

■^s Z 

72 

-d 

D. 
o 7 

O ^ 

s 

w 


o o 


vS 


— r-, 


Is, ^ 







' 





.17 

10 

1,. 

50 

50 

5)» GO 

8-0 

13 

55 

Him 

in in 

nini 

HUM 

mill 

mm 

mm 

min. 

nini. 

mm. 

1,777 


1,758 

1,008 

l,(.v3 

1,722 

l,).5l 

1,221 

1,159 

1,520 


1,727 

],,8(,5 

1,750 

1,7 11 

J.HOl 

1,711) 

1 ,‘2 1 1 

1,514 

1,500 

i,nM) 

1,371 

- 

1,1 18 

1,117 

1,501 

1,117 

1,000 

1,217 

— 


; 1,32'> 

1,111 


1, ;o2 

1,117 

! 1,3.05 

971 

1,175 

1,238 

()7») 

, 000 

»)7o 

051 

581 

070 

01. i 

i<,r> 

6.52 

581 

AH7 

, - * '► 


.181 

3')7 

. „ 

- 

277 

318 

3.56 

iKVJ 

s‘)^ 

<127 

S' 15 

1 ''21 i 

: oil 

, 8(,0 

<.72 

71)7 1 

817 1 

77S 

1 

771 

711) 

1 778 , 

! 

1 , 

500 

02.3 i 

<)57 1 

l'».j 

181 

201 

100 ' 

1.81, 

181 ' 

, 1^2' 

171 

1 75 1 

! 173' 1 

1 0() 

' 157 

15S 

170' 

1 ''5 ' 

15,1 ' 

1 50 ‘ 

1 51 

1 5,8 

101 * 

120 

121) 

15 ; 

135> 

1 10 ' 

110', 

, 129* 

132 

1.50 ’ 

129 ' 

1 .")! I 

1 )7 

1 15 

1(>1 

; loo 1 

1 111 ! 


13,0 

111 

no 

12'i 

, 12V 

11 V 

128 

1 21) 1 

i 124 ' 

! 120 

lot 

1 12 

111 

8.i 

75 

75 

85 

1 ^5 1 

1 .82 

1 70 

o3 

71 

77 

r,t 

52 

17 

01 

' ) .2 

55) 

1 55 1 

12 

1.8 

50 

21) 

33 

2‘) 

32 


27 

31 

20 

33 

31 


- 

.ill 

3.8 

1 .10 

36 

37 I 

" 

— 

39 

80 8 

8.5 1 

78 1, 

' 1)2 0 ' 

1 DOC 

815' 

85 7 

8.8 ’ 

1 90 3 

93 1 ' 

82 2 

1 70 1 

70 1 

71 1 ' 

717* 

- 

70 9*, 

77 2 

, 713 

74 61 

82 7 

81 V 

78 0 

i 7.8 0 

HO 1 

80 1 

85 7 1 

80 0 

1 79 4 

74 5 

53 2 

51 0 

51 7 

51 8 

53 1 

60 D 

51 7 

18 5 

! 50 4 

51 7 

— 


70 0 

02 3 I 

02 9 

01 0 

07 3 


{ — 

78 0 

53 7 

03 5 

01 7 

52 4 

59 7 

45 7 

018 ' 

(.1 0 

i 68 7 

08 0 

105 0 1 

loi; 0 

1 100 I 

101 1) 

102 D 

i JOI 7 

■ 101 1 

101 0 

103 7 

102 6 

53(5 ; 

55 3 I 

52 7 

1 5.5 7 

517 

51*0 

1 52 7 

5 1 9 

5n; 

53 8 

13 8 

-15 2 

13 U 

13 2 

40 3 

44 8 

45 0 

41 1 

42 7 

43 2 


‘ Head deformed. 
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8. Ahea and TiUamoolc. 


1 Males 


Number 


Name 


Tribe 


Ai<c 


Statin e 
FniL'f i-i» af h 

llemLt (if nth \cittbra 

Heiglil of ru 1 (iimoii 

Heifj:ht o1 point ol hceoiul tmgc r 

Width bet w eon acToiiii.i 

Height, Ml ting 

Length of arm 


Length of he. id 

Width of head . . . . 

Height of o.ir 
Widtli of i.'K e 

Distance troin rlnn to n.iso-fiontal suture 
Distance tiom mouth to naso-liont.d sutuie 
Height of no>^e 
Width of base of nose . 


Cephalic index 
Index of heiglit of ear 
Facial index 

Index of upper part of face 
Index of base ol nose 


Finger-rcach in per cent 
Height, sitting, „ 

Length of arm, ,, 



s 

8-0 

12 


22 

mm 

mm 

mm 

mm 

mm 

1 :l hS 

1,270 

L.58t 

l,(.7n 

I,t)98 

1.-M7 

1,111 

l,.5nl 

1 ,708 

1,7.72 


1,01s 

1,1.72 

1,122 

1 127 

;»s 1 

U91 

1,101 

l,.57l 

1,878 

IH 

ll'> 

,71 1 

Iil9 

(>10 

200 

28.5 

510 

800 

402 

(.S7 

t)')0 

771 

on 

•»21 

tit >s 

«> 4 J 


727 

7.58 

H/i :> 

18.7 

181 

18l>' 

178 


117 

171 

!(>4 ' 

119 

121 

127 

1 10 

I 10' 

185 

128 

l.il 


1 

1.58 

102 

97 

IJO 

’ 1 2() 

112 

GO 

<51 

— 

i 80 

7.5 

44 

40 

5 J 

1 5 7 

52 

27 

28 

28 i 

! 28 

80 

IM) o 

78 4 i 

87 1 ' 

' !I0 1 ' 

1 

, 88 7 

71 1 

08 0 

80 7 

1 70 9' 

75 8 

79 0 

74 0 

— 

^ 81 8 

81 2 

ol 0 

40 6 

— 

■ 51 0 

52 9 

G1 4 

70 0 

52 8 

50 9 

57 7 

100 7 

10.8 2 

98 U 

101 9 

108 2 

5.7 6 

54 8 

64 5 

50 1 

54 4 

43*4 

46 1 

42 7 

48 8 

43 5 


i 


‘ Head deformed. 
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8. Aheaaiid TdlamooJt {contmxmd'). 


I Malts 


II. Females 




i 

50 

10 

55 

1 I 

K. 

, Js 

5i) 

55-00 

nmi 

' in 111 

mill 

mill 

mm 

iMin 

mm 

mm 

mm 

mm 

1 r/u, 

1 (]U2 

1 1 

1 OM 

1 (,00 

1,1 lo 

1 5 IS 

' I 5 50 

1 5(.2 


I ,<iS5 

1 7S(» 

1 70! 

1 7o(. 

I 71 5 

1 . 12 s 

1.521 

, 1 57 ., 

1 (. 5(. 

1 , 1 00 

i,.:oi 

1 U5 

1 1 

1 58 1 

1 ;o7 


1 ;oi 

' 1 ,0-5 

1 '.21 

1 ,2 5.4 

1 2S'l 

1 5 1(» 

1 5 

1 111 

1 ;io 

1 I 50 

' 12 25 

1 , .J 

J 200 

I Too 



00 : 

(.11 

50 1 

5 5 ; 

552 

5 51 

,51.0 

:.si 

,i'> ; 

.501) 

.170 

,572 

570 

OIS 

5 50 

552 

'.'.7 

,525 

8S7 

01 1 

0 ;i 

007 

8,s7 

70 s 

- 

sM 

s21 

Sll 

70 "i 


770 

7.K. 

710 

(>0(> 

07.5 

077 

007 

018 

18 1 

ISO' 

IM)' 

i.. 

ls7' 

17S 

lo5 

IM, ' 

1 S5 • 

170 ' 

1 

11.5 ' 

150' 

170' 

1 1»7 ' 

1 10 

1 15 

il,., ' 

102 ' 

1(50 1 

1 50 

151' 

1 11 ' 

J 10' 

1 10' 

1.50 

127 

110' 

1 51 ' 

11.5 ' 

1 11 

152 

1.5J 

r,j 

151 

1.55 

12 s 1 

115 

1 1.5 

! 1 1 

iJi 

121 

: 120 

I 120 ' 

4- 

102 ! 

107 

i no ; 

1 20 

11 

7r» 

7 7 

72 

1 > _ 1 

< > 1 

! j 

I ' ' 

SI) j 

81 

_ 

ni 

.57 

5 5 

! i 

.5 2 ' 

* n 

lo 

.58 

50 

58 

.51 j 

.5(5 

;;2 1 

.5 1 ' 

.5 { 

*’ 1 

2S 

1 

2s 

.50 

51 

_ 










81 8 

01 7' 

1 

88 I'l 

[)h O' 

80 5 ' ! 

8 5 7 

' ST 0 - 

[ 

I 80 2 ' 1 

87 0 ' 

88 8 ' 

70 7 

1 8‘5 0‘. 

78 !' 

70 5', 

71 O' 

SO .{ 

77 0 

1 80 1 ' 1 

72 1' 

70 0 ' 

81 7 

81 (1 

78 0 

78 0 1 

75 1 1 

7). 7 

S 5 0 

82 1 ' 

82 0 

70 0 

rj2 

.50 7 1 

I7 1 

10 ,} ' 

18 7 , 

1 

1 


\ ’ 
- 1 

55 1) 1 


57 4 

0.5 2 1 

00 1 1 

(j J 0 , 

(i.‘> .5 1 

SI 1 1 

57 1 

18.5 I 

1 

5.5 0 1 

. 5:5 1 

10.5 0 

107 1 I 

lOf) 4 

101 0 i 

100 5 1 

100 s 

lol 1 

10 5 0 

101 7 

102 7 

.55 6 

51.S 1 

55 .5 

.55 0 1 

55 1 

j ,5.5 5 

- 

.55 (' 

52 .8 

55 5 

412 

no 1 

1.5 7 

12 0 

115 

42 8 

n 7 

n 2 

410 

12 J 


' IIca<l clofoiiuud 

18D1. 


* Doubtful wl'ethoi head defoiraod 
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10. Crosses between Oregonian Tinneh and Northern Californians* 


— 



I. Males 

Number .... 

• 


1 

2 

3 

4 

6 

G 





cn 

B 

C 3 

Ben 

fl 

0 

to 

P 

a 


1 

Name • • • i 

• 



na 

< 

•a 

-^1 

<y 

1 

0 

Launy 

t 3 

< 

a 





o 

o 


•3 

c 3 

Q 


'0 

•-3 
















0 rt 

s| 

(h 

0 

-p ^ 

To W 

0 

0 

Is 

Tnbc . • • . 

• 




^0 ^ 

0^ 

. 

a- 
1 & 

a 0 

2 & 

ci 0 
^ ? 

C/J ^ 

« e 3 

la 






U-i 



1 ^, 


Age . . . . 

• 


17 

22 

22 

21 

26 

45 




mm 

mm 

mm. 

mm. 

mm 

mm. 

Stature . . # . 



1,59:1 

1,681 

1,570 

1,636 

1,636 

1,647 

Finger-reach 

, 


1,717 

1,747 

1,6 15 

1,703 

1,676 

1,753 

Height of seventh \crtchia 



1,355 

i,in 

1,.322 

1,390 

1,371? 

1,438 

Height of acromion 



1,297 

1,352 

1,265 

1,:152 

1,3.10 

1,362 

1 Height of 1)01 nt of soroml linger 

, 

r>49 

621 

571 

619 

600 

592 

Width between actoiuia . 



3(;0 

.386 

.375 

362 

- 

.376 

Height, sitting 



841 

892 

886 

881 

908 

876 

Length of head 



173 

187 

181 

177 

193' 

184 

Width of head . . , 



155 

149 

155 

151 

119 

118 

Height of ear 

, 


149 

145 

1,35 

133 

116 

i :$:3 

Width of face 



144 

1:35 

1 1.3 

l’M\ 

142 

‘ 118 

Distance from cliin to na^o-frontal i 

121 

125 

1 19 

122 

122 

120 

sutuie 









Distance from inoutli to naso-fiontal 

— 

76 

80 

78 

71 

— 

suture 









Height ol riu^c . 



53 

52 

55 

54 

50 

53 

Width of l)asr of nose 



32 5 

27 

28 

24 

32 

31 

Ceplialic indev 



89 6 

79 7 

85 6 

87 0 

77 2 

80 4 

Index of heiglit of tar 



86 1 

77 5 

74'6 

75 1 

— 

72 3 

Facial index 



81-0 

92 6 

83 2 

89 7 

! 85 9 

811 

Index of upper paitot Lici' 



— 

66 3 

55 9 

57 4 

.50 0 

— 

Index of base of nose 



61 3 

52 0 

50 8 

44*4 

610 

58 3 

Finger-reach, in per cent . 



107 8 1 

103 9 

102 9 

104 1 

102 4 

106*4 

Height, sitting. 



62 8 i 

53 1 

56 4 

53*9 

56 5 

53*2 

Length oi nini, 



47*0 

43 3 

44 2 

44-8 

44 6 

46 7 

Minimum wirltli of foieiiead 







108 





Maximum widlli of nose . 


• 


— 

— 

41 

— 

— 


* 197 from gUlclla. 
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11 . Southern Oregon and Northern California. 


— 



I. Males 



II. Fe- 
male 

NumV>er 

1 

2 

3 

1 

5 

6 

7 

8 

/ 

Name . • . . -i 

o 

o 

B 

VJ 


1 

oS 

iEi 

.Q 

o 

cq 

Xi 

0 

1 
o 

1 

1 

X 


^ *0 

M 

<3 



rt 


CQ 


is S 


a 

rt 

<y 

a 

s 

a 

c3 

I 

.« 

*s 


T3 

w 


s 



W 

5 

a 

( 






X 

X 

X 

'Pribc ... - 


rt 

B 

C3 

a 

B 

ifi 

cs 

2 

c3 

a 

rt 

a 

a 

a 

1 

CO 

UJ 

cS 

w 



c3 

S 

es 

5 

42 

Ui 

Age .... 

16 

18 

35 

40 

48 

50 

60 

45-60 


mm 

mm 

mm 

mm 

mill 

mm 

mm. 

mm. 

Statuu* .... 

1 ,606 

1,615 

1,622 

1.606 

1,612 

1,551 

1,570 

1,554 

Finger-mirh 

1,665 

1,756 

1,681 

1,710 

1,714 

1,651 

1,630 

1,526 

Height of seventh ver- 

1,365 

1,374 

1,381 

1,437 

1 ,3<)5 

1,313 

1,340 

— 

tebni 









Height ol aciornion 

1,282 

1,303 

l,.30l 

1,350 

1,317 

1,227 

1,238 

1,241 

Height of ]MMnt of 

565 

550 

581 

610 

576 

557 

557 

611 

sf'cond finger 









Width between <ie* 

— 

40() 

373 


352 

367 

340 

325 

roinia 









Heiglit, hitting 

870 

847 

881 

880 

854 

795 

813 

889 

Lengtli of head 

180 

101 

183 

100 

100 

187 

189 

187 

Widtli of head 

l.-|0 

154 

110 

152 

152 

155 

154 

146 

Height of eai . , 

1. 10 

133 

133 

127 

141 

146 

158 

142 

Width of face 

150 

114 

147 

148 

145 

142 

148 

148 

Distance from chm to 

120 

128 

123 

121 

121 

123 

128 

116 

naso-frontal suture 


1 







Distance from mouth to 

70 

70 

76 

71 

72 

79 

85 

74 

naso-frontal sut urc 









Height of nose 

52 

51 

55 

53 

47 

55 

62 

62 

Width of base of nose 

20 

31 

31 

31 

30 ! 

31 

36 

31 

Cephalic index 

1 70 4 1 

1 70 1 

81 4 1 

80 0 

80*0 

82 9 

81 5 

78 1 

Index of Iieight of e.ir 

1 68*8 

1 68 tJ 

72 7 i 

66 8 ! 

74 2 

78 1 

83 6 

75 9 

Facial index 

1 86.1 

I 88 0 i 

i 83 7 

81-8 

83 5 

86*6 

86 5 

81 1 

Index of upper part of 

51 7 

j 54 0 

51 7 

48 0 

40 7 

55 G 

57*4 

61 7 

face 









Index of base of nose 

65-8 

60 8 

56 3 

61 1 

63 0 

56 3 

58*1 

60 8 

Fingcr-reach in per cent. 

103 7 

: 108-7 

103 6 

10.1-2 

106 3 

106 4 

103 8 

08 1 

Height, sitting, „ 

54 2 

i 52 1 

53 7 

53 4 

53 0 

51 3 

61 8 

67 2 

Lengt.h of arm, „ 

417 

46 1 

14 4 1 


46 0 

43 2 

43 4 

40 6 

Minimum width of fore- 

102 




100 

__ 







head 









Maximum width of nose 

35 

— 

— 

3G 

— ! 

— 

— 

— 


V r 2 
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la order to discuss the material contained in the preceding tables, I 
have arranged it in series. The senes for ‘Stature/ ‘Cephalic Index/ 
‘ Facial Index/ ‘ Index o£ Upper Part of Face/ ‘ Finger-reach/ ‘ Height, 
sitting/ and ‘ Length of Ann/ are given hero. In selecting the cases to 
be included m each series, it was necessary to exercise some criticism. 
The ages of all individuals are estimated more or h'ss incorrectly. In 
order to fix the lower limit, I assumed nineteen years for males and seven- 
teen year.s for females as the limit For the facial index I assumed the 
limits as twenty and eighteen. Only in such cases where the measure- 
ments of a Tualo of about eightt^en years exceeded the corresponding 
most frequent measurements of adulLs, I included the case in the senes, 
as the probability is, that such an iudividii.il laid reached approximately 
its ma\imum giowth. Py this method Uio total results cannot bo 
depressed It is more dijlieult to deeido on an upper limit It appear.s 
clearly from the tables that the cluiiiges ineidc'iit to old .age bey in very 
early among these Indians The statin o deci eases, and tin* faei.al index 
diminishes on account of the wearing down of the teetli Put there are 
great individual ditTercnei's regarding tlie linu' of tlie beginning of these 
changes A deerease of stature will always tend to iiieif'ase tiie rel.itivo 
lengtli of arm. becaa.se the absolute length of tlie l.ittei does not decrease 
proporl lonatidy In tlie saim^ w.iy tin' [uoportion.il pnit of the ‘ heiglit, 
sitting’ decreases as llie trunk loses nioio rajudl}, I In ough the mei ('asing 
cuiwature of tlie spine, tlian the legs do. I h.ise, tlieielore, excluded all 
such indniduals over forf 3 '-eiglit ye.iis (e^tiiimted), in A\hom these 
indices differ fiorii the ninst fi eqnmitlj' oceitiiing indices in sueli a semso 
that they miglit lie ('xplaimul as caused b\ loss ni si/o 

A comparison of childKMfs cephalic indices and of those of adults 
does not seem t > bring out any typie il dilfiu enee.s bi t wi'cn the two , for 
this reason, wdiieh is entireU in ai'cnid with Welekfu's investigations of 
the grow til of tlie skull (‘ bntersiicbungen ubi‘r Waelisthum nnd Pan 
des meiiselilielion kSehadeds,’ Leipzig, I<SbJ), T Inivi* no! scquiiated cliildreii 
and adulis: Neither do I iiiid an iqijiRs i.ible dilfermiee between tlie 
indices of males and females, and i onsnler it thmi'lore .iistifiabh* to lump 
all the obsci vations on this point If, in Table 1), the measuiements of 
Oregonian Tinncli, noitli of Kogue Piver, are tabul.ited scqiarately [for 
what reason this separation r made, will ;i[>jhmu* l-it(‘rj, the following 
result IS obt. lined, wdneli shows Iiuw ncai ly the niaxima of tre(|ueney of 
oceurreneo of values of tlie eeplialic index coincide among bo^'S, girls, 
adult males and adult females — 


( iphaLc Iinlev ' T") 

7(j 

77 7> 7'l 

, H) Si 

s2 ^ 8.1 1 .^1 

Sj .st» 87 8'^ 1 8') ')() \\pr.iyo 

Rfus 1 - 



1 

1 ' 1 ^ 

1 i 1 1 ' 2 1 - i 87 7 

1 - . ' ' - ' 81 <1 

A<i lit 1)1 )I. > 1 1 


1 

2 

112 1 

4 1 1 1 1 ' S3 8 

Ad'ilt fi III il' 1 

1 

1 

i 1 

1 “ * 




The following tables give the number of occurrences of certain values 
of stature and various indice.s among tlio different tribes. I bavo 
refrained from reducing the figures in such a way that they wmuld 
indicate how many individuals among a thousand would have a certain 
stature or a certain index Although apparently by .such a procedure 
the figures become more easily comparable, thoro is no justification for 
«uch a reduction, as the frequency of occurrence of certain values is not 
proportional to the number of observations. With an increasing number 




Stature of Maha. 
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of observations great variations become more probable, and smaller ones 
consequently loss probable. Or the same fact may be expressed in this 
way : — the limits of variation are probably the wider, the greater the 
series of observations. Therefore the curve computed from a long series 
is by no means the same, not even theoretically, as that computed from 
a shorter series. 
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Index of ujipef part of face of Mates. 


ON THE NORTH-WESTERN TRIBES OP CANADA. 


439 


I'-' 


a 

lO CS t'- 

20 

4 

t- 













t£> 

1 1 1 1 

1 

1 1 i 

) 

1 

o 

CO 

1 1 I 

1 

1 1 1 

1 1 

1 

Ci 

■o 

1 - 1 1 

I 

- 1 1 

1 i 

1 

00 

! Cl r-^ 1 

! 

1 1 1 

- ! 

1 


1 - ! 1 

1 

! 1 1 

Cl .-1 

- 

irS 

1 1 - 1 

f 

1 - 1 


1 


1 c. 1 

1 

1 1 ! 

Cl r-l 

- 

*/5 

j 1 O Cl 

1 

Cl 1 

i 

Cl 

CO 

1 

- 

1 •"' 1 


1 

CJ 

^ CO 1 

Cl 

rH ,-1 Cl 

Cl j 

i 

o 

, 1 O 

- 

r-( -tl ^ 


- 

i O 

iO 

j Cl ^ Cl 

1 

! 1 - 


1 

C-. 

- 1 

1 



- 

00 

1 1 - 1 

- 

1 1 - 

1 1 

- 

[- 

- - 1 1 

Cl 

1 1 - 

1 1 

i 

I - 

1 1 1 

1 

1 1 1 

1 1 

1 


ill 

- 

1 1 1 

1 1 

1 

Z 1 

1 1 - 

- 

1 1 1 

1 1 

1 


. . - 


. . . 



1 







'cr 






c . • 

rt 

• 

... 

'o 

• 


'to 



a 


1 




c 


1 

S-t • • 

c 

* 

• • • 

H 

* 





C 



o 

a 

m • m 

. -J 



u 



P 


V) 

s 



o 
t>D 
• C* 




. 


•n 

c 

H 

C 



u 

O 

d 

2 


- . 

. 

• • c 

S'" 

2 


1 

o 

S) 

§ 0) fl 

IS 0 

*2 


^ . o 

0 

§ S o 

P 1 s 

c3 


i2 M 

a 

o 

t/3 

^ i B 

9 'S « 

ja § rC 

d 

o " 

e 

o 

J3 


O M |« 

1 

n 

S S t: 

bo CO U 
2 

t: 

o 



^ O 

o o 



Ci O O'! t'. 


I 1 I 
I 1 I 
I 1 I 




1 1 
1 I - 




<3 

Si 


! I 1 


ji 

'p 

« 


Harrison Lake , 
Washington 
Northern Oregon 
Oregonian Tinneh 



440 


REPORT — 1891 
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Length of arm of Males, 
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Wo will direct onr attention to the ma^Limum of frequency in each of 
these series. It will then appear that in several of tho groups two 
maxima occur, or are, at least, indicated. The principal inavimum in 
each series is indicated by bold type. 
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This table gives a clue to the understanding of the types of the 
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various tribes. In looking over the figures given for the Bilqnla, it 
appears that in the three cases considered here, two maxima of frequency 
occur, while cases between the two maxima are quite rare. Furthermore, 
it will be seen that the secondary maximum of this series coincides very 
nearly with the maximum of the first group, embracing the northern 
tribes and those of Vancouver Island. The cephalic indices do not 
coincide quite so well as the other measurements, but still sufficiently 
nearly. The primary maximum of the Bilqula agrees very closely with 
that of the Oregonian Tinneh. It appears that the stature of the latter 
varies more than that of the Bilqula, but I shall show later on the cause 
of this curious fact. The resemblance of the two maxima of frequency 
to the types of the Coast Indians and of the Tinneh is very far-reaching. 
As this comparison is entirely based on the occurrence of the two maxima 
among the Bilqula, it is desirable to show their actual existence more 
evidently. For this purpose I have divided the whole series of the 
Bilqula into two parts according to the order of the observations. 


Bilqula. 



Stat.uo 


Cephalio IihK'X 


Facial Index 

Cm. 

N*o« 4-17 

N*n, is- 32 

Cm, 

Nus 1-16 

Non. 17-33 

Cm. 

i 1 

; No. 4-17 ' Ni.m. 18-32 

1.S4-157 


1 

78, 79 

2 

1 

76, 77 

' ■ 1 ' 
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r> 

3 

Ht, 81 

4 

3 

78. r:» 

.3 ! .3 

162-165 1 

•j 

1 

82. 83 


2 

hO, Ml 

3 ! 1 

166-16!) 

.] 

6 

HI, 85 


3 

82, 83 

3 

170-173 

4 

3 

8t., 87 

5 

4 

8 1, 8:> 

5 3 

174-177 


1 

88, 8!) 

1 — 

3 

86, 87 

1 1 2 




91 

1 i 

— 

KM, 89 

1 3 




1 

1 


90, 91 

1 \ 1 


It appears from this table that the distribution of cases in the two 
halves of the series remains unchanged. 

The explanation of these phenomena must be sought for in tho 
mixture of the two types of people : the coast ]>oople of shorter stature, 
and with longer heads, and the Tinneh with shorter beads and of taller 
stature. We know that a mixture of those two people has taken place 
among the Bilqula. AVo even know, based on linguistical considerations, 
that the Bilqula must have lived at one time with the Salish tribes 
fiirther south-east. Therefore tho explanation given here appears quite 
plausible. 

While coming to these conclusions, I read a preliminary notice of 
the anthropological investigations carried on in Baden (‘ Globus,’ vol. 
lix. p. 51), in which the same point is brought out most clearly. O. 
Ammon, who reports on these investigations, states that in the case of a 
mixture of types no middle forms originate, but that tho parent forms 
are preserved separately. Tho same fact has been brought out by Dr. 
von Laschan in his investigations in Lycia. (‘ Reisen in Lykien,* Ac,, 
Vienna, 1889.) He found that among the Greeks of that country tho 
Shemitic and Armenian types are preserved without having undergone 
any mixture. If we study among the Bilqula tho individual distribution 
of observations, it appears that the types of the component forms which 
appear so clearly In a statistical treatment of tho material, appear in all 
possible combinations among the single individuals, so that each iudivi- 
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(t express it, is a mechanical mixture of the features of 
^ He may have the face of a Tinneh, and the stature or 
Indian, and vice versa. This importe^nt fact also tallies 
oil’s conclusions on the blonde and brunette population 
jjifirms the views which Kollmann expressed in 1883. 
Ijropologie,* xiii. 79, 179 ; xiv. 1.) The fact that these 
^een arrived at independently on entirely independent 
ygive them great strength. 

to a consideration of the Oregonian Tinneh, we shall 
vJo/ phenomena, although apparently somewhat obscured. 
Instead of tw ,^istinct maxima, we find hero a great number of cases 
distributed equally over a long interval. The next northern group 
differs but little from the Tinneh, but their southern neighbours show 
quite a marked contrast, particularly regarding their cephalic index. If 
we assume the Oregonian Tinneh to be a mixture of the two, and keep 
the fact in mind that no middle forms originate, the form of the curve 
explains itself easily. In looking at the crosses between the two groups, 
their distribution according to the maxima of the two component groups 
is brought out most strikingly, notwithstanding the small number of 
cases. 

In order to ascertain in how far these assumptions are justified, we 
will subdivide the material in a different way. If the Oregonian Tinneh 
contain a Californian element, we may assume that it is more prevalent 
in the south than in the north. For this reason we will arrange the 
material in the following groups : South of Rogue River, North of Rogue 
River, and crosses between the two. We will compare preliminarily the 
measurements from Northern Oregon with those of the group north of 
Rogue River. 


Cephalic Index, 
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2 

2 

3 1 

2 

“ 1 - i 

— 
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It appears that the two groups are quite homogeneous, so that we 
may be allowed to combine them. Thus we obtain the following table : — 


Cephalic Index. 


Tribes 

75 

rc 

77 

78 1 79 

80 

81 

82 

83 

84 1 85 

86 

87 

88 

89 

90 

91 

South of Ilnuruc River 



1 

.3 1 4 
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3 

__ 

2 1 S 


1 i 



1 

1 
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1 1 
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1 i 
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1 1 i 1 i 
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1 

1 

2 

1 

North of Roguo Hirer 

1 

I j 

— 


1 

4 


6 

4.6 

li 



2 

2 

— 
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Stature. 


Tribes 

152, 153 

154, 156 

156, 157 

158, 159 

160, 161 

162, 163 

164, 16^ 

South of Rogue 
River 

- 

1 

2 

- 

8 

3 

4 

Crosses . 

1 

— 

— 

1 

— 

— 

— 

North of Rogue 
River 



2 

1 

3 

3 



It appears from these tables, particularly from that of the cephalic 
indices, that the individuals south of Rogue River are similar to the 
Northern Californians. But we also rec(»gnise distinctly in the series the 
secondary maximum belonging to the Oregonian Tinneh. In the same 
way we see that the tribes north of Rogue River are much more homo- 
geneous, but recognise a secondary maximum corresponding to the 
Northern Californians. The table brings out exactly what might be 
expected : a greater admixture of Californian blood in the south than in 
the north. It is also important to note that the crosses in all these 
cases appear more variable than the individual races. This is what 
must take place if the crosses contain both the component types, 
and are not arranged around a middle type. The measurements, 
in the two groupings discussed above, give the following ranges of 
variation : — 


Tribes 

Range of 
Cephalic 
Index 

Number of 
Cases 

Range of 
Stature 

NuTn'^^r of 
Cl ^8 

Oregonian Tinneh 

17 

57 

10 

J9 

Crosses 

1,3 

(> 

7 

G 

Northern Californians . 

6 

8 

1 7 

G 

North of Rogue River . . , 

1 

10 1 

31 

7 

18 

Crosses 

IG ! 

13 

10 

3 

South of Rogue River . 

1 1 

30 

7 

15 


If the crosses and the component- groups were equally variable, we 
ought to expect much narrower limits of variation among the former, as 
they embrace only a few individuals ; while actually their ranges of 
variation equal or exceed those of the purer tribes. 

I believe all these points, taken in connection with the results of Dr. 
von Luscban and 0. Ammon, prove beyond a doubt the fact that in a 
mixture of tribes the component types remain unaltered. 

The tables of finger-reach, height (sitting), length of arm, do not bring 
out these relations, because their ranges are almost the same among r11 
the tribes, and therefore intermixture cannot be detected in the com- 
pound tribe. 

We will try to explain the observations based on these considerations. 
Among the Bilqula, in Washington, and throughout Oregon, we find a 
type present of a stature, ranging from 166 to 172 cm., with a cephalic 
index of from 84 to 87, and a facial index of from 83 to 86. Among the 
Bilqula, and in Oregon, this is the prevailing type, while in Washington 
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it is of secondary importance. In all these regions Tinneh are the main 
mass of the population. They were present in Washington, and form a 
considerable element among the Bilqnla. Therefore it must be assumed 
that this type represents the Tinneh of the Pacific Coast. We do not 
know mncli on the physical characteristics of the Tinneh east of the 
mountains. But according to Petitot they are tall (‘ Dictionnaire de la 
langue Dend-Dindjc,’ p. xxi). Quatrefages and Hamy (‘ Crania Ethnica,’ 
p. 470) mention seven skulls of Tinneh, and find them to he brachy- 
ceplmlic. Both those facts tally with what wo found on the Pacific 
Coast. I had occasion to question a number of former officers of the 
Hudson Bay Company regarding the general appearance of the Tinneh 
of the interior of British Columbia, and of the Mackenzie Basin. Accord- 
ing to their descriptions, they resemble the tribes of the North-West 
Coast much more closely than the Algonquin. The coinplete absence of 
dolichocephali — at least according to the present state of our knowledge 
— distinguishes the hhnneli most clearly from the eastern groups of 
Americans, the Algonquin ami Iroquois, as well as the eastern and 
nentral l^iskimo, so that I am inclined to class tlicm as one of the Pacific 
peoples. This view is supported by linguistic and ethnological evidence, 
which, however, it is not the place to discuss liere (see ‘Journal of 
American Folk-Lore, vol. iv. p. 13, It is wortli rnontioning that the 

Tlingit of Alaska, who have intercourse witli the Tinneh, appear also 
to be taller and more brach^x'cphalic. 

^JJie tribes of the northern parts of tho coast of British Columbia 
appear to be of shorter stature, ranging from 151.) to 102 cm., ancj^liave 
much more elongated heads. Tiny are niesocephalic, the index ranging 
from 77 to HI. Wc find the same typo ])rescnt, although to a lesser 
degree, in AYashingbon and on Fraser River, as well as among the 
Bilqula. It appeals to bo absent in Oregon, but, remarkably enough, 
reappears as we ap[)roacli Caldbrnia. Still farther south true dolicho- 
cephali appear. I veannot discover auy difteroncc of type between the 
northern tribes and tliosc of Vancouver Island. This conclusion, drawn 
from ineasLireuHmts of li\ing subjects, is confirmed by measurements 
of skulls from this I'Cgion 

I published in the ‘ Vcrii dcr Berliner Ces. f. Fthn.,’ 1800, p. 30, 
measurements of a series <d‘ ten nndefornied crania from Vancouver 
Island. All of them were obtained from a burial ground near Victoria, 
and belong, tliercfore, probably to tlie LkungEii tribe. I reproduce the 
cephalic and facial indices here for comparison. Besides these, No. III. of 
the Songish crania, described on ]). 813 of the Fifth Report of the Com- 
mittee, may be made use of. To these may be added a skull described by 
Flower (‘ Catalogue of tho Specimens illustrating tlie Osteology,’ cVc., in 
the Museum of the Royal College of Surgeons, p. 118), which belongs to 
the AVest Coast of Vanconver Island, and another from the head of 
Alberni Channel, from the Aluseum of the Geological Survey of Canada. 
Furthermore, I acid a series of measurements of slightly deformed crania 
from various parts of Vancouver Island from my own collection ; tho 
Tsimshian skulls, described on p. 812 of the Fifth Report; three Tsim- 
shian skulls described by Barnard Davis, and another, described by the 
same author as a ‘ round hekd,’ from Vancouver Island (‘ Thesaurus 
Craniorum,’ p. 229). Finally, I add a Haidpv cranium, which I measured 
ip the Pioviiicial Museum of Victoria. Tho numbers given here are 
those* of the catalogues of the various collections. 
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LkuilgEu crania 
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4 9? 

6 Q 

6 Q 

79? 

I 1 

8,? 

9^ 

10 9 

1 

11 Inf. 

12 Inf. 

Cephalic Index . 

76*4 

77-7 ! 

80-1 

77-0 

81-1 

77 4 

78-8 

74-6 

74-9 

78-5 

81-8 

76-4 

Facial Index . « 

79-9 


86-6 1 

a.-i-s 

85-7 1 


92-6 



99*2 





III. 

Nootka 

CowTitchin 

Comox 

Salmon River 

Nimkish , 

■1 

5tb Bep. 













Flower 

Geol. Snr. 

94 

109 

111 1 113 

122 

123 

136 

Cephalic Index . 

85-8 

77*4 


81*2 

78-0 

79-6 

1 

81-6 78-9 

77-4 

78*2 

79*6 

Facial Index . 













Kwakiutl 


Tsimshian 5th Rei> , p 

812 

Barnaid Davis 

Ilaida 9 


140 

142 

1 ^ 

II. <? 

III. j lY. ^ 

1 , 022 ! 1,023 

1,024 

1,211 

- 

Cephalic Index . 

81*7 

75-8 

76-7 

78-2 

76 7 ! 

83-0 

79 ' 76 

78 

76 

82*4 

Facial Index . 

— 

— 

92*1 


- 1 


_ 1 ” 
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Or arranged in a series : 


Indices 

74 

76 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

Skulls 

2 

1 

6 

1 5 

7 

3 

1 

6 

1 

1 1 


1 

Living • 

2 

2 

1 

2 

3 

— 


2 

— 

1 

— 



For the purpose of comparison I have added the indices of the living 
subtracting two from each [according to Broca] in order to make them 
comparable to the skulls. The close correspondence between the two 
groups becomes at once apparent. 

It is of interest to investigate the farther distribution of this form of 
head. Turning to the interior of British Columbia we have a series of 
skulls from Lytton, which were described in the Fifth Report. To these 
may be added one from the same place which is in my own collection^ 
and has an index of 77*4. All these skulls have suffered somewhat by 
post-mortem deformation. 

72 73 74 76 76 77 78 79 80 81 82 

1 — — 1 — 1 12—2 

This series agrees very closely with that of the coast tribes. Measure- 
ments of the long bones from the same place show that the tribe must 
have been a very short one, probably resembling also in this respect the 
coast people. 

Besides these, we have the measurements of two Shushwap crania 
in Davis’s collection (p. 226), which have indices of 76 and 83. A 
single Shushwap, whom I measured at New Westminster, had an index 
of 82*9, corresponding to about 81 on the skull. It seems, therefore, that 
these people resemble the coast tribes, but further investigations are 
necessary to prove this theory. 

Among the other groups, the tribe of Harrison Lake is particularly 
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remarkable. The prevailing type is exceedingly brachycephalic and 
chanoEBprosopic, and their small stature is also quite unique. Their differ- 
ence from all the other tribes appears so clearly from our tables that 
further remarks seem unnecessary. I have not found any analogy among 
the neighbouring tribes, except at the mouth of Fraser River, where the 
same type might be expected to occur on account of the intermarriage of 
these groups. The question regarding the relationship of this tribe must 
remain at present an open one. 

Among the other tribes the Columbians appear remarkable on account 
of their tallness. It seems that their heads are a little longer than those 
of the neighbouring tribes, but the data do not bring out the difference 
with sufficient clearness. There appears to be no reason to suppose that 
more favourable conditions prevailed in this region, and should have pro- 
duced the development of greater stature. 

We will finally consider the proportions of the bodies of the various 
groups. It appears that the finger-reach of the southern groups, especi- 
ally of those of southern and central Oregon, is much smaller than that 
of the northern tribes. I am inclined to attribute this fact to a difference 
of occupation, the first-named two groups living on reservations, while 
the others are fishermen. Together with this lengthening of the finger- 
reach seems to go an increase in the length of the arm. These variations 
may be seen in females as well as in males. The women pass also much 
of their time in the canoe, which explains the corresponding variation in 
their sex. The table also shows that the trunk of these Indians is much 
longer than that of Europeans and also longer than that of the Iroquois, 
which, according to Gould, is 53*4 per cent. It seems that the trunk of 
the southern group is a little longer than that of the northern ones. 

I will finally sum up the results of this investigation. We find an 
almost homogeneous population on the coast of British Columbia, with the 
exception of the region of Dean Inlet. It is characterised by a statute 
'^ging between 159 and 162 cm. ; a cephalic index ranging between 17 
SI, a facial index ranging between 78 and 81. At Bentinck Arm 
m Washington this type is mixed with ano which also prevails in 
gon, so far as it is inhabited by Tinneh. 1 ; type is characterised 

y a stature ranging between 166 and 172 cm. ; a cephalic index ranging 
between 84 and 87, and a facial index of from 83 to 86. In Northern 
Oregon this type is found quite pure. Farther to the south the type is; 
mixed with that of the northern Californians, which becomes the more 
prevalent the farther south we go. In Washington the same type seems 
to exist, but subordinate to it the northern type is found. It is the 
primary element among the Bilqula. We consider this type to be peculiar 
to the Tinneh. The type of northern California is characterised by a 
stature ranging from 160 to 164 cm. ; a cephalic index of from 79 to 81, 
and a facial index of from 83 to 86. On the whole this type resembles the 
first so much that I am inclined to identify them. A third and a quite 
unique type is found at Harrison Lake. The individuals are short, with 
very wide faces and heads. There is no similar tribe known to exist in 
this region, and their affinities appear doubtful. On Columbia River we- 
find a fourth type, remarkable for its tallness, with a cephalic index of 
from 80 to 84. I believe that these may be identified with the tall tribes- 
of the interior, but further evidence is required on this point. 
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Errata in the Sixth Report of the Committee. 


Page 604, line 43, instead, <?/ K'ol'kyaqtr* noq read K-oI'kyaqtenoq. 

„ 606, „ 15, „ Ts’F/ntsEniik’aio read Ts’E'ntsEniik-’aiO. 

,, G16, „ 8 of footnote, int^lead of IWctsd'ek'a. Generally read Ts'etsd'clvay 

generally. 

„ 617, „ instead of su'latlda read sa'latlila. 


618, „ 

6, ,, 

hd’mats'a following read hd'nuits'a, following, 

618, „ 

50, 

Irae'h nfsP read h ae'h htse. 

623, „ 

33, 

Ila'ili'kyilatl read lla'ilikyilatl. 

623, „ 

4t>, 

Ts'etsil'rdi a read Ts'etsd'ek a. 

625, „ 

13, omit 

Kewi'tte. 


625, „ 21, instead ts'e'tseqk enqeliH read ts’e'tscfjk enqehs. 

625, song r , line 3, instead of J fa mats' as read Ilamats a's 
628, ,, VII., last lines insie<(d e/ ST’sinllkyas read Si'sintlkyas. 

631, ,, VllI , lirst line, instead ej/'Ts'e'k oa read Ts'e'k'oa. 

635, line 14, from niueh more 'usualln to end of paragraph is a footnote follow- 
ing the next jiaiagraph, to be .signed G. M. Dawson. 
638, lines 16 to IS, by 0 M. Dawson 

610, line.'^ 0 and 12, instead of wand('iing read mcandciing 
640, line 31, instead oi lowin Te((d fere. 

658, ,, (Sol tab]i‘, v/os/ea/Z of mat U smo' I s' utl read matlfsmo' (s' all. 

650, in table, jios&essive pioimun, last line, (ilth column, la.dead of (/i-jits read 
qi naq 

GGO, lu table at bead ui page, 2ud line, 4tb column, instead of o' niduqse read 
o mimqsi . 

661, in table, read under thy tatlicr, near person addressed, instead of 

an’ nnnpuqs read au'mpaqs 

662, Inic 31, instead of ua'qj}its? read aa'qoise. 

(>()2, ,, 4(), ,, ah iV sila read nail a'stla. 


663, ,, 4 following table, instead oj Held mas' utU.nu'qutl read tleldmash- 

ilh nn'qtitl. 

663, footnote 5, second line, ntdead ofi<i read aie. 


„ 6(‘){;, 

line 

26, 'instead oi 

// ,<f read fi v 


„ 668, 


35, 

hs 'read ~~-k s 


„ 660, 


1, 

dialect lead dialect ft 


„ 672, 


12, 

iiaJid'k read leahil h 


„ 673, 

JJ 

32, , 

h iscitlak lalolt read htsottl il (lotah 

„ 67 4, 

1» 

fb , 

h a ([ssa/al' mime read k aqsajid' 

nnnlr 

„ 674, 

)> 

3, last (a. 

'instead of h ised'a nxi te read Ins 

'la lit tic. 

„ 674, 

5S 

58, instead ot 

nidjdof/sath read mdjitaqsalh . 


„ 675, 

1? 

31, 

biisli read bi-acli 


„ 678, 

yy 

53, 

V o' t'oiL read i'O't oa 


„ 680, 

5) 

6. below table, instead of ii nail reiid. umltl 


„ 682, 


6, instead of read (n)e-(E)tr, 


„ 682, 


11, 

k-’aik ’eietllr.x read k Vi'ik eielltEX. 

„ 683, 


48, ,, 

koto't read kolo't 


„ 684, 


6, 

tiksd'ka read liksd'fa. 


„ 681, 


23, ,, 

antsiV tea, read ntsd'iva 


„ 691, 


7 

sqd'qod read sqd'qaa. 


„ 601, 


2oi 

si's] ntsa read sl'smifsa. 


„ 605, 

column mother, dialect 15, instead eV' sk<;(|eda'a 

rend skeQedZa'a. 

„ 607, 


face. 

„ 3, „ ts'al 

,, ts’al. 

„ 607, 


head, 

„ 16, „ — k'en 

,, k ’em 

„ 607, 


nose, 

,, 13, „ nh'k si:ii 

,, hi'i'k HEn. 

„ 608, 


body. 

„ 15, ,, niE.Vte 

niEZiVtc. 

„ 600, 


linger. 

„ 12, „ snFOqtsES 

,, snE'qtsEs. 

„ 700, 


blood, 

„ 2, „ ga-'i 


701, 


bow, 

„ „ haukta'k' 

,, haukta''k‘. 

„ 701, 


star, 

„ ,, pha'ls 

,, pia'ls. 

„ 703, 


sea. 

„ H, „ man 

,, man’. 

„ 704, 


valley, 

„ 7, „ nut'iVl 

,, nntl’E'l {gorge"). 

„ 704, 


leaf. 

„ 2, „ tleya'hgual 

,, tllya'ngual. 
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Page 706, column salt, dialect read Walt. 


« 706, 


deer, „ 

2, 

J9 

g'at 

, g’at. 

„ 70C, 


white, „ 

1, 

?» 

tledi'qate' 

spBO'O 

tlediqateh 
, spEZO'zo. 

„ 707, 


bird, „ 

16, 


» 707, 


fish, „ 

17, 

99 

k-ak.qu'lQ 

, k ak*qu'lQ. 

„ 707, 


light blue, „ 

1, 

99 

ts'Oyi'qatc 

ts'Oyi'qate. 

„ 707, 


great, 

15, 

99 

qBo'm 

, qEZo'm. 

„ 708, 


strong, 

2, 

99 

diakuya' 

, dakuya'. 

„ 708, 


he, 

5, 

99 

he 

, het. 

„ 709, 


dead, „ 

15, 

99 

O'uk- 

, zo'uk*. 

„ 710, 


near, „ 

9, 


dje'e'djimit 

, djie'djimit. 

, t’acjamia'c. 

„ 711, 


six. 

8. 


t’aqaniA'e 

„ 714, 


to kill, „ 

16, 


Ok's 

, 20k*s. 

M 716, 


toliedown,, 

18. 


•a-kqka 

, g'a'k'qka. 


Fifth Report of the Committee^ consisting of Sir John Lubbock, 
Dr. John Evans, Professor W. Boyd Dawkins, Dr. K. Munro, 
Mr. W. PENGtXLY, Dr. Henry Hicks, Professor Meldola, Dr. 
Muirhead, and Mr. James W. Davis, appointed for the pur- 
pose of ascertaining and recording the localities in the British 
Islands in ivhich evidences of the existence of Prehistoric 
Inhabitants of the country are found. {Drawn up by Mr. James 
W. Davis.) 

Your Committee, in presenting their fifth report, have pleasure in draw- 
ing attention to the list of lake dwellings found in the British Islanda 
compiled by one of their number. 

The Sites of Lake- Dwellings or Crannngs known up to this Date in Great 
Britain and Ireland. 

The following alphabetically-arranged lists have been compiled 
mainly from Munro’s ‘ Lake Dwellings of Europe,* to which work we 
refer our readers for an epitome of the scientific results obtained from 
practical investigation, as well as further references to the voluminous 
literature on the subject. As many of the sites and remains of these 
ancient habitations have been destroyed in the course of diniinage and 
other agricnltural operations, and are now known to have existed merely 
from tradition or incidental allusions to them in the early annals of the 
country, avo distinguish by an asterisk (*) those that have been carefully 
observed or more or less practically investigated, and when the recorded 
observations are of special archceological value we give the reference to 
the original source of their publication. To include more than this, as, 
for example, the merest abstract of researches, would so greatly add to 
the length of this report that its tabular character would be entii*ely 
destroyed. 

1. Enoland. 

*Barton Mere, co. Suffolk. Quart. Journ. Suf. Inst, if Arch, and Nat. ISCJI. 

Cold Ash Common, co. Berks. Wiltshire Arch, Seo.y 1869. 

Crowland (Fen district), co. Lincoln. Ibnl^nd Past and Present y by Miller and 
Skertcidy. 

•Holderness (four or five localities), Yorkshire. Zahe D}eellings of Euroj^e. Proc. 
York. Qeol. and Polytech. Soc,. vol. xi, 

1891. 


o a 
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♦Llangorae Lake, co. Brecon. Arch. Camhremiit 4th S., vol. i. 

♦London, co. Middlesex. Journal of Anthro^* ImUtutCy 1866, and Jov/m, Arch, 
Association^ 1866. 

♦Preston, Lancashire. Proc, York, Oeol. Polyt. Soc.^ vol. xi. 1889. 

♦Wretham Mere, co. Norfolk, Quart. Joitrti. Oeol. Soo.f vol. xii., and Cavi. Phil. Soo.f 
March 31, 1862. 

II. Scotland. 

Achilty, L., co. Ross. 

Achray, L., co. Perth. 

♦Airrieoulland, co. Wigtown. Collections of Ayr and Galloway Arch. Assodativn^ 
vol. V. 

Aid, L., co. Perth. 

♦Arisaig, L., co. Inverness. P’oe. S. A. Scot.^ vol. viii. 

♦Banchory (Loch of the Leys), co. Aberdeen. Ibid.^ vols. i. and vi. 

Barean, L., co. Kirkcudbright. Ancient Scot. L. Pwellinys, p. 37. 

♦Barhapple, L., co. Wigtown. Col. Ayr and Gal. Arch. Association, vols. iii. and v. 
Barlockhart, L., co. Wigtown. 

Bamsallzie, L., co. Wigtown, 

Battleknowes, co. Berwick. 

Black Cairn (submarine), Beauly Firth, co. Ross. 

Boghall (Beith), co. Ayr. 

Borgue, co. Kirkcudbright. 

Brora, L., co. Sutherland. 

♦Bruicb, L. (near Beauly), co. Ross. Proc. S. A. Scot., vol. xx. 

♦Buston, CO. Ayi*. Ancient Scot. L. Dwellings, and Col. Ayr and Gal. Arch. Association. 
♦Canmor (Kinord), L., co. Aberdeen. J^oc. S. A. Scot., vol. vi. 

♦Carlingwark, L. Ibid., vi., vii,, and x. 

Castle Loch, co. Wigtown. 

Castletown, co. Roxburgh. 

Closeborn, co Dumfries. 

Clunie, L , co. Pertli. 

Collessie, co. Fife. 

Corncockle (Applegarth), co. Dumfrie.s. Proc. S. A. Scot., vol. vi. 

Cot, L., CO. Linlithgow. Ibid., vol. \i. 

Croy, co. Inverness. 

♦Dhu Loch, co. Bute. Ibid., vol. iii. 

Dolay, L., co. Sutherland. 

Boon, L., CO. Ayr. 

♦Dawalton, L. co. Wigtown. Hep. British Association, 1863; Proc. S. A. Scot., vol. 

vi. ; Ancient Scot, L, Dwellings', and Ayr and Gal. Arch. Association, vol. v. 

Earn, L., co. Perth. 

Eldrig, L., CO. Wigtown. 

♦Erisk^ CO. Argyll (submarine). Priw. S. A. Scot., vol. xix. 

Fasnacloich (Appin), co. Argyll. 

Federatt, co. Aberdeen. 

Fell, L., CO. Wigtown, 

Fergu.s, L., co. Kirkcudbright. 

♦Flemington, L., co. Naim. Proc S. A. Scot., vol. v. 

♦Forfar, Loch of, co. Forfar. Arch. Scotica, vol. ii. ; Proc. S. A. Scot.,\o\&. vi. and x 
Preuchie, L., co. Perth. 

♦Friar’s Carse, co. Dumfries. Ancient Scot. L. Dwellings. 

Fallab, L., co. Perth. 

Glass, L., CO. Ross. 

Granech, L., co. Perth. 

Green Knowe, co. Lanark. 

Gynag, L , co. Inverness, 

Heron, L., co. Wigtown. 

Hogsetter, L , Shetland. Proc. S. A. Scot,, vol, xv, 

•Kielziebar, L., co. Argyll. Ibid., vol. vii. 

♦Kilbimie, L., co. Ayr. Ibid., vol. xi. 

Kilchonan, co. Argyll. 

Kinder, L., co. Kirkcudbright. 

Kinellan, L., co. Ross. 
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La^gan» co. Perth. 

^Le^ig, CO. Argyll. Proc. S. A. Scot., vols. ix. and x. 

’*Leven, L., co. Kinross. Ibid.y vol. xxii., and Lake IhvelUiigs of Euro j?e^ p. 492, 
^Loch-of-the-Clans, co. Nairn. Proc. 8. A. Scot., vol. v. 

Loch-in-Dunty, co, Nairn. Ihid. 

"•Loch-inch-Cryndil, co. Wigtown. Ihid., vol. ix. 

Lochindorb, co. Moray. 

“•“Lochlee, co. Ayr. Ayr and Gal. Arch. Asiociatimi, vol. ii. ; Proc. S. A. Scot., vol. 
xiii. ; and Ancient Soot. L. Dwellings. 

Ix)chmaben, co. Dumfries. Proc. S. A. Scot., vol. vi. 

^Loch-na-Mial, Island of Mull. Ibid., vol. viii. 

Lochnell, co. Argyll. Ibid., vol. ix. 

Lochore, co. Fife. Ibid., vol. vi. 

Lochrutton, co. Kirkcudbright. 

♦Lochspouts, co. Ayr. Col. Ayr and Gal. Arch. AssoGiatio7i, vols. iii. and iv. ; and 
Ancient Scot. L. Drrellings. 

Lockwood, CO. Dumfries. 

Lochy, L., co. Inverness. 

Lomond, L., co. Stirling. 

Lotus, L., co. Kirkcudbright. Proc. S. A. Scot., vol. xi. 

Machermore, L., co. Wigtown. Ibid., vols. ix. and x. 

Merton, L., co. Wigtown. Ihid. 

Mochrum, L., co. Wigtown. Ibid. 

Monivaird, L., co. Perth. 

Morall, L., co. Perth. 

IMorton, co. Dumfries. 

]\Ioulin, L. (drained), co. Perth. 

Mountblair}% co. Moraj*. 

Moy, L. (Ellan-na-Glack), co. Inverness, 

Oban (Lochavoullin), co. Argyll. Lake Dwellings of Eurojw. 

Ore, L., CO. Dumfries. 

Peel Bog, CO. Aberdeen. 

<)uien lioch, co. Bute. Proc. S. A. Scot., vol. iii. 

Itiinnoch, L., co. Perth. 

^llavcnstone, L , co. Wigtown. Qd. Ayr and Gal. Arch. Association, vol. v. 

Ilescobie, L , co. Forfar. 

Rothieinurchu.c, Loch-an-Eilan, co. Moray. 

-♦Sangahar, Black Loch of, co. Dumfries. Dumfries and Gal. N. H. Soc., 1805. 

Shin, L., co. Sutherland. 
nSpinie, L., co. Moray. 

Stravithy, co. Fife. 

^5unonness, L., co. Wigtown. 

Tay, L., co. Perth. 

Tolsta, Lewis, co. Ross. Proc. N. A. Scot., vol. x. 

Torlundie, drained loch at, co. Inverness. Ibid., vol, vii. 

Tullah, L., CO. Perth. 

Tuminell, co. Perth. 

Ure, L., CO, Durafrie.s. 

Vennachar, L., co. Perth. 

Weyoch, L., co. Wigtown. 

III. Ireland. 

Aconnick, L., co. Cavan. 

Acrussel, L., co. Fermanagh. 

Allen, L,, co. Leitrim. Arch. Journal, vol. iii. 

Aghakilconnel, L., co. Leitrim. 

Aghnamullen (‘ Glebe Island ’), co. Monaghan. 

Annagh, L., between King and Queen’s County. Journ. R. H. A, Association, 3rd 
S., vol. i. 

Annagh, parish of Kilbarron, co. Tipperary. 

’'‘Ardakillen, co. Roscommon. Proc. H. I. Acad., vol. v. 

Ardmore Biiy, co. Waterford (submarine). Ibid., 2nd S., vol. ii. ; Journ. R. If. A. 

Aisooiation, 4th S., vol. v. 

Arrow, L., co. Sligo, 


0 0 2 
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Aughlish» CO. Fermanagb. Ihid.^ vol. ii. 

Ballaghmore, co. Fermanagh. Ihid, 

Ballinafad, co. Galway. Ihid. 

Ballinahinrh, co. Galway. Ihid. 

♦Ballinlough (4 crannogs)), co Galway. Proc. I(. J. Acad.., vol. ix. 

•Ballydoolough, co. Fermanagh. Journ. J{. II, A. Associatwn, 4th S., vols. i. and ii. 
Ballygawley, Ij., co. Sligo. Wood- Mart in’s Lake DivellingH of Ireland. 

Ballyhoe, L. (2 crannogs), co Monaghan. Jovrn. Kilk. Arch, S., 2nd S., vol. vi. 
Ballykinler, co. Down. Uhter Jommal of Arc?i., vol. vii. 

Ballywoolen, co. Down. Jou7'n. Kilk. Arch. S., 2nd S., vols. iii. and iv. 

Bohermeen, co. Meath. 

Bola, L., co. Galway. Joum. Ii. II. A. Association, 4th S., vol. ii. 

Breagho, co. Fermanagh. Ihid. 

Camlongh, co. Armagh. 

Campsie, near Londonderry. (Report not yet published. See Jmrnal of Royal 
Society of AntiqvaHes of Ireland , vol. i. p. 327.) 

•Cargaghoge, co. Monaghan. Ibid., 3rd S., vol.- i., and 4th S., vol. v. 

Castleforbes, co. Longford 
Castlefore, L. (2 crannogs), co. Leitrim. 

•Cloghemy co. Tyrone. Killer's iMke-DirelUngs, 2ml ed. 

Cloncorick Castle, L , co. Leitrim. 

♦Cloneygonnell, L. (3 crannogs), co Cavan. Proc. It. I. Acad , vol. viii. 

Cloonbo, L. (2 crannogs), co. Leitrim. 

Cloonboniagh, L., co. I.eitrira. 

Cloonfinnen, L , co. Leitrim. 

♦Cloonfinlough (2 crannogs), co. Roscommon. /^'<//,vol. v., and Lahc Bn'ellbigs of 
Europe. 

♦Cloonfree (2 crannogs), co Roscommon. Proc. It I Acad., vol, v. 

Cloonturk, L. (2 crannogs), co. Leitrim. Ibid. 

Clougbwatcr Bog, co. Antrim. 

*Coal Bog (Kilnamaddo), c<». Fennanagh. Ibid , 2nd 8 , vol ii , and Journ. Arch. 
Association, \o\ xxxnI. 

Coolcranoge, co. Limerick. 

Corcreevy (Loch-Laoghaire), co. Tyrone. 

Corrib, L , co. Galway. 

•Cornagall, L., co. Cknan. Journ. It. II. A As.^oviaiion, 4tli S , vol. i. 

Oornaseer, co. Cavan. Ihid., vol. vii. 

Crannagh MacKnavm, co, Leitrim. 

Crannagh, L., co Antrim. Proc. R. I. Acad , 2nd S , vol ii. 

Crannog-na-n-Duini, co, Donegal. 

Crannog-boy, co. Donegal. 

Crannog IMac bamhradliain, co. Cavan. 

Greenhagh, L. (2 crannogs;, co. Leitrim. Journ. It. If A Association, 4th S., voL 
vii. 

Crumkill, co. Antrim. Notes by Rev. Mr. Iluick. 

Culhna, near Mar} borough. Queen’s co. 

Curry’grane, L. (2 crannogs), co. Longford, find. 

Derreen, L., co. Roscommon, 

Derreskit, L , co. Cavan, 

♦Dromiskin, co. Louth, Ibid., 4th S., vol. ix. 

•Dnimaleague, L. (2 crannog^), co. Leitrim. I^oc. It. I. Acad., vol, v. 
♦Drumdarragb or Trillick, co, Fermanagh. Ihid., vol.s. ii. and vii. 

♦Drumgay (3 crannog.s), co. Fermanagh. Ibid., vols. i. and ii. 

•Drumkecry, L., co. Cavan, Arclurologia, vol. xxxix. 

•Drumkelin, co, Donegal, Ibid., vol. xxvi. 

Drumlane (2 crannog.s), co. Cavan. Journ. It, II. A. Association, 4th S., vol. viL 
•Drumskimly (3 crannogs), co. Fermanagh. Ibid., vols. i. and ii. 

♦Drumsloc, co Fermanagh. Ibid., vol. ii. 

Effeman, co. Clare. IMd., vol. v. 

♦Eyes, L. (6 crannogs), co. Fermanagh. Ibid., vols. i. and ii . 

♦Faogban, L., co. Down. Proc. It, I. Acad., vol. vii. 

Fort, L., CO. Donegal. 

Funshinagh, L., co. Leitrim. 
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Oalbally, oo, Tyrone. 

Olencar, L. (6 crannogs). Wood-Martin’s Lalte-BKell\ng» of Ireland. 

Gortalough, co. Fermanagh. Journ. R. II. A. Association^ 4th S., vol. v. 
•Grantstown, co. Queen. Ihid,^ N.S., vol. v. 

Guile, L., CO. Antrim. Ibid.^ 3rd S., vol. i. 

.Gur, L., co. Limerick. Wilde's Catalogue. 

Hackett, L. (Cimbe), co. Galway. Ibid.^ and Keller's L. Dwellings. 

Hilbert, L. (Goromna Island), co. Galway. 

Inishrush (Green 1j ), co. Derry. Proc. U. I. Acad., vol. vii. 

Joristown (in river Dea^), co. Westmeath. Ibid., vol. v. 

Kilglass, L., co. lloscommon. 

Killynure, co. Fermanagh. 

Kilmore, L. (2 crannogs), co. Monaghan. 

Ivilknock, L., co. Antrim. 

Knockany (Lough Cend), co. Limerick. 

^Lagore or Diinshauglilin, co. Meath. Proc. R. I. Acad , vol. i., Arch. Journal, 
vol, vi. 

Lane, L., co. lloscommon. 

Lankhill, co. Fermanagli. 

Lee.sborough, L., co. ]\Ionaghan. 

Lenaghan, co. Fermanagh. 

♦Lisanisk, co. Monaghan. Arch. Journal, vol. iii. 

♦Lisnacroghora (Craigyuarroii), co. Antrim Joum. R. II. A. Association, vols. \i. and 
ix. Lahe Ihvcllings of Kuropc. 

(Lochanacrannog, co Sligo. 

Loughran’s I.sland, co. Antrim. Proc. It. 1. Acad ,yo\. v., and Ulster Journal of 
Arch , vol vii. 

’^Loughannaderriga, Achill Island, co. ^layo. Wood-Martin’s Lahe-D. of Ireland. 
Loughinsholin, co. Derry. 

Loughavarra, co. Antrim. 

•Lougliavilh', CO. Fermanagh Journ. It. JI A Association, 4th S., vols. ii. and v. 
Lochloa (3 crannogs), co. lloscommon. 

•Lough-na-Glack, co Monaglian. 

Lough Cam, co Galway. 

Loughmagarry, co. Antrim. Proc It. I. A.cad., vol. vii. 

•Loughtamend, co. Antrim. Ibid. 

Loughtown, co. Leitrim. 

♦“Loughrea (4 crannogs), co. Galway, Ibid., vol. viii. 

** Lough Onghter (3 or more crannogs), co. Cavan. Journ. R. II. A, Association, 4th S.» 
v’ol, vii. 

Lynch, L., co. Antrim. 

Mac Hugh, L. (2 crannogs), co. Leitrim. Ibid. 

Macnean, L. (3 crannogs). 

Mac Nevin, crannog, co. Galway. 

^lanorlmmilton, co Leitrim. 

Marlacoo, co. Armagli. 

Ma.sk, L., Hag’s Castle, 

Melvin, L,, co. Fermanagh. 

Moinenoe, co. Fermanagli. 

Alonaincha, co. Tipperary. 

•‘Monalough, co. Meath. Prtre. R. I. Acad., 2nd S., vol. ii. 

Monalty, co. Monaghan. Ai’ch. Journal, vol. iii. 

Monea, co. Fermanagh. 

Mongavlin, co, Donegal. 

Monnachin, L., co. Monaghan. 

tMourno, L. (2 crannogs), co Antrim Journ, R. II. A, Association, 4th S., vol. vi. ; 

Proc, iS. >1. Scot , vol. XX., and L.-D. of Rurojw. 

•■Moylarg, near Cullybacky, co. Antrim, (llecently investigated by the Rev. Mr^ 
Buick of Cullybacky, who is preparing a rej>ort of his discoveries for the Journal 
of the Royal Society of Antiriuarians of Ireland.) 

Muickonagh, L., co. Roscommon. 

Mucknoe, L., co. Monaghan. 

“ Muintir Eolais,’ co. I^itrira. 
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♦Nahincb, L., co. Tipperary. Ihid,^ vol. ix. 

Naneevin, L., co. Galway. 

Coney, L., co. Monaghan. 

Owel, L., CO. Westmeath. 

Pad or Boat, L., CO. Fermanagh. 

H’Bavel, L., co. Antrim. Tbid.^ vol. vii. ; Jotirn. JR, //. A, A,^sociatio7i, 2nd S., vols. iii*. 

and iv., 3rd S., vol. i., and 4th S., vol. ii. 

^Rohan’s, L., co. Monaghan. 

♦Ramor, L., co. Cavan. Ihid.^ 4th 8., vol. vii. 

*Rinn, L. (3 or 4 crannogs), co. Leitrim. Ibid, 

Ross, L., co. Armagh. Ibid., vol. vi. 

Ronghan, L., co. Tyrone. Ibid., vol. vii. 

Rouskey, L., co. Monaghan. 

8cur, L. (2 crannogs), co. Leitiim. 

St. John's, L. (4 crannogs), co. Leitrim. 

Talogh, L. (several crannogs), co. Leitrim. 

♦The Miracles, co. Fermanagh. Jmim. It. IT. A. Association, ith S,, vols. ii. and v. 

Toome Bar, co. Antrim. Ibid., N.S. vol. v. 

♦Tally, L. (3 crannogs), co. Cavan. Ibid , 4th 8., vol. vii. 

Tullyline, co. Cavan. 

Veagh, L., co. Donegal. 

Williamstown, L., co Galwaj’. Ibid., «>th 8., vol. i. p. 337. 

Yoan, L., co. Fermanagh. Ibid., 4th 8., vol. ii. 

Several reports on prehistoric objects have been promised by scientiBc 
observers in various parts of the country, and your Committee urge tbafc 
no more delay should be made in presenting them than is compatible 
with accui’acy and thoroughness. It is requested that the Committee be 
reappointed as before without grant. 


Fourth and Final Report of the Committee^ consisting of the Hon, 
Kalph Abercromby, Dr. A. Buchan, Mr. J. Y. Buchanan, Mr. J. 
Willis Bund, Profes.sor Chrystal, Mr. D. Cunningham, Pro- 
fessor Fitzgerald, Dr. H. K. Mill (Secretary), Dr. John 
Murray (Chairman), Mr. Isaac Roberts, Dr. H. C. Sorby^ 
and the Rev. C. J. Steward, appointed to am^ange an 
investigation of the Seasonal Variations of Temperature in 
Lakes, Rivers, and Estuaries in various parts of the United 
Kingdom in co-operation ivith the local societies represented on 
the Association, (Drawn up by Dr. H. R. Mill.) 

[Plate XV.] 

At the meeting of 1890 this Committee requested reappointment with a 
grant of 50Z. in order to draw np a linal report on tho work inaugurated! 
at its suggestion and carried on by observers, most of whom acted under 
the auspices of local scientific societies represented on the Association. 
It was proposed to include in the final report a quantity of material of 
great value bearing on the seasonal and diurnal variation of river- and 
sea-temperature accumulated by the Scottish Meteorological Society and 
still unpublished, and, in addition, to gpve a general discussion (sup- 
ported by recent publications of observations in the ‘ Reports of the 
Fishery Board for Scotland ' and other journals) of the whole question 
of the variation of temperature in exposed bodies of water as determined 
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hy sea4Son, actual meteorological conditions, tidal influence, &c. The 
grant of WL which was given to the Committee on its reappointment 
was quite inadequate to pay the working expenses of the scheme and 
admit of employing a competent person to tabulate and compute means 
of the great mass of available material. 

It was accordingly resolved to confine the scope of this report to an 
account of the observations made on the direct initiative of the Committee, 
and to the statement of such brief summaries as might be supplied in 
tabular form by previous observers. The main object held in view by 
naembers of this Committee from its first appointment, viz. to produce an 
authoritative and exhaustive memoir on the seasonal variations of tem- 
perature in the lakes, rivers, and estuaries of the British Islands had to 
be abandoned. At the close of its four years of existence the Committee 
can only claim to add some additional data to the store awaiting future 
discussion. This addition is of considerable scientific value, and casts 
light on several problems in the regime of lakes and rivers. The obser- 
vations have, however, led directly to another and perhaps even more 
beneficial result. Great interest was taken by the Conference of Dele- 
gates from local societies in the establishment of observations in their 
own neighbourhood. The consciousness that they were engaged in col- 
lecting data for a special and definite purpose has stimulated many of 
the observers to a more earnest study of science, and done something to 
forward that spirit of fellowship amongst all scientific workers which for 
the last few years the Association has been so snccessfnlly advancing by 
means of the annual conferences. The results of this stimulus may, it is 
hoped, continue even when the observations which produced it have 
ceased. 

The three previous reports of the Committee may be referred to for 
particulars as to the method of working, the instruments employed, and 
the period over which tho observations extended ; a comparatively small 
number were continued into the year 1891. The first report* was 
mainly preliminary. The observations it records were upon rivers in 
Scotland, and although several of the observei's have continued their 
work, most contented themselves with the record of a few months 
only. Tho second report * notes a large accession of observers on the 
rivers of England and of Ireland, and as an appendix the directions to 
observers are reprinted, showing the conditions in which it was desirable 
that all the observations should be made. In 1889 the reappointment of 
the Committee was not accompanied by a grant of money, and the 
observations in that year consequently sufiered to a certain extent. The 
third report ® gives an epitome of the material collected by the Committee, 
which forms the basis of the present discussion. The three previous 
reports, it will be noticed, deal exclusively with the organisation and 
extent of the observations, none of the data being recorded or discussed 
in them. 

Some of the sots of observations have been published in detail. Of 
these the most important is that accumulated by Dr. Sorby during the 
years 1884-1888 on the estuaries of the 80 uth>east of England, which 
appeared in tho ‘ Scottish Geographical Magazine ’ for 1889 (vol. v- 
p. 689). An abstract of the results is included in the present report. 
Observations on the River Thurso, by Mr. John Gunn and others, were 


* JB.A. JUporUy 1888, p. 326. 


* Ibid. 1889, p. 44. 


» Ibid. 1890, p. 92. 
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P rinted in the ‘ Journal’ of the Scottish Meteorological Society for 1888. 

*he observations of Mr. W. Watts on behalf of the Manchester Geo« 
logical Society at the Piethorn and Denshaw Reservoirs have been 
printed in full in the ‘ Transactions ’ of that Society. Mr. Ashworth’s 
observations on the Cowm and Spring Mill Reservoirs have also been 
published in a summarised form with detailed curves in the ‘ Proceed- 
ings ’ of the Rochdale Literary and Scientific Society. 

In addition to the observations specially made or discussed for the 
Committee, many papers are to be found in the * Proceedings ’ of the 
Royal Society of Edinburgh, the publications of the Meteorological 
Societies, in the annual reports of the Fishery Board for Scotland from 
1887 onward, and in the * Scottish Geographical Magazine.’ A full 
discussion by Dr. H. R. ^lill of very detailed temperature observations 
made by the staff of the Scottish ^Marine Station on the Clyde Sea area 
is nearly completed, and will be presented to the Royal Society of 
Edinburgh. 

The best method of publishing the results of the observations dealt 
with in this report has been carefully considered. There are peculiar 
difficultie.s iii dealing with a mass of data compiled by observers, some of 
whom are skilled and others uninstructed in their work, especially when 
— as in this ease — the observations are taken with regularity in few cases 
and often at different hours. The record of actual observations will bo 
preserved by the secretary of the Committee, who will bo glad at any 
time to place it at the disposal of any one interested in this branch of 
meteorology. Weekly means have been calculated for each of the 
stations where reasonably regular observations were made, and these are 
published in the form of curves in this report. The curve-form was 
chosen in preference to printing the figures, on account of the much 
more vivid impression conveyed by inspection as to the relative air- and 
water-temperatures and their seasonal variations. The unit of the curve 
is the weekly mean, as in many cases on one or more days of the week 
the observations were omitted, and a curve of actual daily readings 
would present a very broken appearance, besides tlirowiug into undue 
prominence purely temporary variations. The montldy means are given 
in tabular form. The monthly means are usually calculated us the average 
of the four or five weekly periods coinprisod in the month ; but in the 
case of very regular observations the monthly mean is given as the 
average of the daily readings. Comparison of the two methods shows 
practically identical results in the case of regular observations, and where 
tbe observations are irregular the method adopted for general use 
obviously gives more satisfactory results. On account of the much 
greater difficulty of measuring the temperature of air, less reliance must 
be placed on that part of the work than on the temperature of the water, 
which is easily found in a readily comparable manner. 

For the drawing of most of these curves and the calculation of tbe 
means from them the Committee has to acknowledge the assistance of 
Mr. John Gunn, F.R.S.G.S. 

In several instances, when the observations were carried on by skilled 
meteorologists in conjunction with the routine of a meteorological 
station, the observers accompanied their records with a short summary 
and discussion, in which the most striking relations of temperature were 
pointed out. These statements, either completely or in abstract, are 
embodied in this report. 
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A. Observations not recorded in full in this Report. 

These observations were, as a rule, made by skilled observers for 
special purposes, and the abstracts were prepared specially for this report 
by the investigators, to whom the thanks of the Committee are very 
cordially given. 

River Ciierwell at Oxford. 

Observations of the temperature of the Cherwell have been made 
regularly e\ery morning since 1878 by Mr. Edward Chapman, M.A., 
F.L.S., of Magdalen College, Oxford. The ordinary meteorological 
observations having been made at the same time, make it possible to 
compare river-temperature, air-temperature, and rainfall. The river- 
temperature recorded below is the mean of daily observations at 9 a.m., 
the air- temperature is the mean of the maximum and minimum thermo- 
meter in the shade for the previous twenty-four hours, and the rainfall 
is the amount in inches which fell in the previous twenty-four hours. 

The length of this series of observations gives it peculiar value in 
affording an indication of average conditions. The average air-tempera- 
ture for the ten years was 48^*9, the average water-temperature at 9 a.m. 
50°*3, or 1°’4 warmer than the air; the mean annual rainfall for these 
years being 24*79 inches. The average monthly means are shown in the 
Curve below. The year of lowest air-temperature was 1887, with 47°’6, 


Cur\e of Temperature of Cherwell. Mean of 10 years. 



the average water- temperature for that year being 49°*8 and the rainfall 
18*78 inches, very exceptionally low. The lowest mean w*ater- temperature 
was in 1888, 49“*0, when the mean air- temperature was 47°’9 and the 
rainfall 27*39, The highest air-temperature was 50'^*9, the mean of 1884, 
when the water- temperature was also highest, 51® o, j nd the rainfall was 
19*48 inches. In 1890, the year of lowest rainfall, when only 17*02 inches 
fell, the temperatures of air and water were almost at their average (49®'0 
and 50°*8 respectively) ; while in 1886, which was the wettest year, with 
32*12 inches of rain, the air- temperature was also normal (49® *0), but the 
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"water- temperature was nearly a degree below the average (49®* 5), The 
difierence between the average temperature of the warmest and coldest 
year recorded was only 2° ’5 for the water. 

The highest mean temperature of the water for any month was 68°*7 
in July 1887, the month of highest air-temperature also, with an abnor- 
mally low rainfall, but in a year the temperature of which was below the 
average. The lowest mean temperature of the water was 32°*4' for 
January 1891 (air 32®*6), but the lowest air-temperature was 29°*2 for 
December 1890 when the water had a mean of 33° *3. 

The difference in average temperature of water for the same month in 
different years was greatest in the months of annual maxima and minima. 
The hottest June was 10°'6 warmer than the coolest Juno ; the warmest 
January was 9°*7 warmer than the coldest January. At the time of 
annual average temperature the difference was least ; thus the warmest 
April was only 5°*6 and the warmest September only 4°’2 above the 
temperature of the coldest month of the same name. 

On the average, as shown in Curve XXX., the air- temperature came 
nearest the water-temperature in the winter months, notably in November 
and January, when they almost coincided (difference 0°'2), and the two 
temperatures diverged most in the summer months, particularly April, 
May, and July, when the difference averaged 2°*3. During the ten years 
of observation the average monthly air- temperature was higher than the 
average monthly water- temperature at 9 a.m. on 17 occasions. Of these 
6 occurred in January, 2 in February, 4 in November, and 2 in December, 
or 14 in the winter months ; 1 was in March, 1 in May, and 1 in October. 
In no April, Jane, July, August, or September, between 1882 and 1891, 
has there been an instance of air being warmer than water on the average 
of a whole month. Of course, in the remarkably fine observations now 
recorded the comparison is made between average air-temperature for the 
whole 24 hours, and average water- temperature at 9 a.m. only, while in 
the short series of observations specially made for the Committee the air- 
and water- temperature are both calculated for 9 A.M. 


Mean Monthly Observations on the Temperature of the River Chorwell at 
Oxford. By Mr. Edward Chapman, Magdalen College. 


1882 . 


Mean 

Mean 

Mfnii Air 

Mean Hirer 

Total 



Maximum 

Minimum 

'femiKTii- 

Tempera- 

Kainfall 


in Shade 

in Shade 

ture 

ture 

in inches 

January 

o 

41-.'? 

360 

o 

38 T> 

O 

41-8 

1*13 

February 

42 3 

.36-6 

39*4 

41*7 

1*76 

March .... 

48 0 

.38 0 

430 

46*8 

1*18 

April .... 

r,v:{ 

406 

46-9 

61 0 

3-78 

May .... 


461 

61-6 

67*3 

1*06 

June .... 

610 

497 

66*3 

53 9 

3 08 

July .... 

610 

630 

68-6 

630 

3*66 

August 

670 

632 

60-4 

62*9 

1*36 

September . 

631 

460 

64-6 

67*3 

2 08 

October 

66 2 

44 2 

60*2 

60*9 

6-64 

November . 

48-6 

37-3 

42-9 

41*9 

3-41 

December . 

431 

34 6 

38*8 

40*3 

3*20 

Tear 

— 

— 

483 

60*8 

31-73 
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1 18S3. 



Mean 

Mean 

Mean Air 

Mean River 

Total 




Maximum 

! Minimum 

Tempera- 

Tempera- 

Rainfall 



in Shade 

in Shade 

ture 

ture 

in inches 

January 


O 

45.7 

O 

370 

o 

41 3 

o 

41-0 

2-29 

February 


48-2 

37-3 

42-7 

42-4 

3*60 

March . 


43 7 

29*7 

36 7 

39-9 

0-99 

April . 


53-3 

38*5 

45-9 

40-9 

1-07 

May 


62 0 

44-7 

53*3 

56 3 

1*94 

June . 


69-9 

50 0 

60-4 

62-5 

4 35 

July . 


69-7 

52-5 

61-1 

62-6 

3 53 

August 


71-3 

63*2 

62 2 

63-2 

0-70 

September . 


650 

50 5 

57-7 

58-7 

4-60 

October 


56*6 

44 1 

50-3 

51-2 

1-90 

November . 


4H 8 

3(5 1 

42-4 

43 0 

3-11 

December . 


44*7 

3(J-4 

40 5 

41-1 

0-54 

Year 


— 


49-5 

61-0 

28-52 




1884. 






Mean 

Mean 

Mean Air 

Mean River 

Total 

— 


Maximum 

^finimum 

Tempera- 

Tempera- 

Rainfall 



in Shade 

in Shade 

ture 

ture 

in inches 

January 


o 

47 1 

o 

39*3 

43 2 

O 

42-1 

2-30 

Februaiy 


47-5 

371 

42-3 

42 6 

1-32 

March . 


51 3 

3(5-3 

43-8 

45-2 

1-41 

April . 


54 0 

41-2 

47 6 

49-1 

1-69 

May 


(55 3 

44 3 

54-8 

51-3 

0-80 

Juno . 


(590 

50 4 

59 7 

61*5 

2-05 

July 


73-5 

54 9 

64-2 

64*9 

2 25 

August 


75-7 

53 9 

64-8 

06-8 

1-52 

September . 


(57 9 

51-3 

59 (5 

GM 

1-36 

October 


57 0 

42 0 

49 5 

51-9 

0 97 

November . 


47 5 

3(5 2 

41 8 

i 43 0 

1 74 

December 


43-9 

3(5 0 

39-9 

38-4 

2-07 

Year 


— 

— 

. 60-9 

’ 51-5 

19 48 




1885. 






INIean 

1 Mean 

Mean Air 

Mean River 

Total 

— 


Maximum 

Minimum 

Tempera- 

Tempera- 

Rainfall 



in Shade 

in Shade 

ture 

ture 

in inches 



o 

o 

1 O 

o 


January 


40-3 

32-1 

36-2 

34-0 

2-17 

February 


48 5 

38-2 

43 3 

41 2 

2-67 

March . 


48-2 

33G 

41 9 

42-7 

1-10 

April . 


65-9 

38-3 

47-1 

49-1 

1-72 

May . 


69 2 

41 8 

60-5 

54-3 

2-03 

June 


70*4 

1 60-7 

60-5 

63-1 

1-67 

July . 


74-9 

1 643 

64*6 

66-5 

018 

August 


68*3 

50-9 

69-6 

60-8 

1-56 

September . 


63-9 

47-3 

65*6 

57-0 

4-36 

October 


626 

39-9 

46-2 

472 

3-89 

November . 


4Cv7 

88-0 

42-3 

41-4 

3-51 

December . « 


42-6 

331 ! 

37‘8 

37-6 

1*02 

Year 


1 ' ' 

— j 

48-8 

49-6 

25‘88 
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Menu 

Mean 

Mean Air 

Moan Kiver 

Total 


Maximum 

Minimum 

Tempera- 

Tonipora- 

K ainfall 


in Shade 

in Shade 

ture 

ture 

in inches 

January 

O 

40 5 

31 0 

35 7 

O 

35 1 

4 00 

February 

38*7 

29 0 

34- 1 

35-7 

0-68 

March .... 

40 3 

33 9 

40 1 

39 5 

101 

April .... 

6o’6 

39 2 

47 4 

47-7 

21 3 

May .... 

01 -8 

44 0 

52 9 

53-4 

4-58 

June . 

07-9 

50* 1 

59 0 

59 9 

1 14 

July .... 

73 4 

53-9 

03 0 

05-9 

3 39 

August 

71 7 

54-4 

03 0 

04 0 

1*05 

September . 

66-7 

50 0 

58 0 

00 1 

2 27 

October 

f)‘) 2 

47 3 

53 3 

63 1 

310 

November . 

49*2 

38-5 

43 8 

43 ’5 

2*50 

December . 

41*3 

31 3 

30 3 

30 5 

6 01 

Year 

— 

— 

49 0 

49 5 

32 12 



1887. 





Mean 

Mean 

Moan Air 

Moan Kiver 

Total 



M.'iximum 

Minimum 

Tonipora- 

rempera- 

Kiunfall 


Hi Shatlc 

in Shade 

turu 

ture 

in inches 

January 

o 

38-7 

29 9 

o 

3 1 3 

o 

:i5 2 

2T6 

February 

421 

33 3 

37 7 

.'’>9 8 

0 07 

March .... 

41 2 

31 9 

38 0 

40 5 

1-58 

April .... 

53-5 

3.-) 9 

41 7 

47 8 

1 11 

May .... 

58*8 

43 5 

51T 

53 7 

1 51 

June .... 

71-2 

51-4 

01-3 

r, 1 

1 50 

j July .... 

78 0 

51 9 

60 4 

(>8 7 

0 71 

j August 

1 721 

51 4 

01-9 

I 01 

2 20 

September 

1 02 7 

47-4 

550 

i 50*9 

2 10 

j October 

50 3 

38 2 

44 2 

40 8 

1 96 

t November . 

44 3 1 

349 

39 0 

40 8 

1-85 

1 December 

1 42 3 

32 1 

37 2 

37 7 

1 37 

1 Year 

' — 


470 


j 18-78 



1888. 





Mean 

Moan 

Mean Air 

Moan Ki\oi 

j Total 

— 

Maximum 

; Minimum 

Tempera- 

Tom|M‘rtt- 

1 Kaiiifall 


lu Shade 

1 in Shade 

ture 

ture 

j in inches 

January 

411 

! 320 

O 

30-5 

O 

3i> n 

0 70 

February 

3.3':i 

: 31*4 

32 3 

34 7 

3-38 

March . 

42 0 

1 32*8 

37 1 

38 3 

2-94 

April .... 

51 2 

37-3 

44 2 

45 4 

I'59 

May .... 

03 0 

43 8 

53-4 

50-8 

1 18 

June .... 

070 

50-2 

58 9 

01 0 

310 

July .... 

07 0 

52 1 

59-8 

01 0 

4 44 

August 

08-1 

51-4 

69-7 

OO'O 

1*97 

September . 

64 0 

48-6 

66-3 

67'8 

M3 

October 

64 1 

38 3 

46*3 

470 

0-77 

November . 

67-8 

42 2 

600 

46 8 

413 

December , 

44-4 

35*9 

40- 1 

42 0 - 

1*97 

Year 

— 

— 

47-9 

49 0 . 

27*39 
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Mean Monthly Obsbbvations — continued . 


3L889. 1 


Moan 

Mean 

Mean Air 

Mean Kiver 

Total 

— 

Maximum 

Minimum 

Tompeia- 

Tempera- 

Rainfall 


iu Shade 

in Shade 

ture 

ture 

in inches 

January 

40-2 

o 

31-9 

36-0 

o 

38-1 

0-66 

February 

4:m 

32 4 

37-7 

38-0 

1-82 

March .... 

48-2 

34-7 

41 4 

41*9 

1-69 

April .... 

52 5 

39 2 

45-8 

47-5 

2-61 

May .... 

66 0 

48-9 

67-4 

67 8 

2-91 

June .... 

71-1 

53 1 

62-1 

64 3 

1 90 

July .... 

709 

635 

62 2 

64-7 

2-69 

August 

69-3 

520 

60 6 

63 4 

2-29 

September . 

6.'5 3 

49 4 

67 3 

59-2 

1-49 

October 

54-9 

42-0 

48-4 

49 6 

2-36 

November . 

4 . 0-8 

39-6 

42 6 

45 3 

0-88 

December 

41-9 

31-8 

36 8 

37-3 

1 04 

Year 

-- 

~ 

49 0 

50 6 

22 24 
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Mean 

Mean 

Mean Air 

Mean Rivei 

Total 

— 

Maximum 

Minimum 

Teini)cra- 

Tempera- 

Rainfall 


in Shade 

in Shade 

ture 

ture 

in inches 

January 

O 

46 8 

O 

36 9 

O 

41 8 

O 

41 5 

1-86 

February 

43 2 

32 8 

38 0 

39 3 

0-71 

March .... 

no 4 

36 2 

43 3 

43-6 

0 72 

April .... 

r >3 8 

38 0 

46 9 

48 0 

1-03 

May .... 

65-3 

45 2 

65 2 

58 3 

1-75 

June 

69-4 

. ,50 3 

59 8 

61-9 

1-51 

July . 

69-6 

5 , 3-2 

61 -4 

63-7 

2 96 

August . . . ! 

69-4 

52 2 

60 8 

63-4 

2-26 

September . 

68 6 ! 

50-5 

69-5 

60-2 

1-02 

October . . . ’ 

57 1 

42 4 

49-7 

61-2 

1-14 

November 

48 5 

37 7 

43 1 

44-4 

1-61 

December 

32-8 

25 7 

29 2 

33-3 

0-65 

Year 

— 

— 

40 0 

50-8 

17-02 
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Mean 

Mean 

Mean Air 

Mean River 

Total 

— 

Maximum 

Minimum 

Tempera- 

Tempera- 

Rainfall 


iu Shade 

in Shade 

ture 

ture 

in inches 

January 

o ~ ' 

380 

o 

27-2 

a 

32 0 

o 

32-4 

1-40 

February 

45-3 

32 * 1 

38-7 

39 3 

0-00 

March .... 

46-5 

34 0 

40 2 

40 5 

1-55 

April .... 

52-9 

36-6 

44-7 

46-9 

1-41 

May .... 

69 7 

42-5 

51-1 

54-4 

2 15 

June .... 

70 9 

620 

61 4 

63-6 

1-27 

July .... 

70-7 

52-4 

61 5 

64-5 

2-14 

August 

67-6 

62-0 

69-7 

61-3 

4-51 

September . 

66-8 

499 

58-3 

69-4 

1-34 

October 

— • 

— 

— 

— 

— 

November 



— 





— 

December 

— 


— 

— 

— 

Year 

— 

— 

— 

— 

— 
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Mean Temperature of Cherwell for Ten Years, 1882—1891. 

(The portion from October to December is the mean of nine years, and 
the yearly averages are also the mean of the nine years 1882-1890.) 


Month 

Meau Air 
TenijHjrature 
for Day 

Mean River 
Temperature, 

9 A.M. 

Excess of 

R iver over Air 
Temperature 

Average 
Rainfall 
in inches 

January .... 

o , 

0 

37-8 

0 

0-2 

1-87 

February .... 

38-6 

39 5 

0-9 

1-66 

March .... 

40 U 

410 

1-3 

1-48 

April 

45 a 

48-3 

2*4 

1-80 

May 

5.31 

55‘4 

2-3 

2-05 

June ; 

59 6 

61 6 

20 

217 

July 

62 3 

64 6 

23 

2-58 

August .... 

61-3 

63 1 

1-8 

200 

September 

57'2 

1 58 8 

1-6 

216 

October .... 

48 7 

! 49 9 

1-2 

2-41 

November .... 

43 2 

43 4 

0-2 

2-51 

December .... 

37 4 

38 2 

0-8 

1 86 

Year 

48-9 1 

50 3 

1-4 

2170 


Extreme Values of Monthhf ^^eans of BivefTemperature and Bange 
hetiveen Wannest and Coldest Months of the same Name, 


Blonth 

Maximum 

Minimum 

Range 

Date of 
Maximum 

Date of 
Minimum 

Air 

Warmer 

Occasions 

January . 

0 

42 1 

32 4 

0 

9 7 

1884 

1891 

6 

February , 

42 6 

34 7 

7 9 

1884 

1888 

2 

March 

46 8 

3S 3 

8 5 

1882 

1888 

1 

April 

51 0 

4,5 4 

5 (> 

1882 

1888 

0 

May . 

58 3 

51 3 

7 0 

1890 

1884 

1 

June . 

61 .> 

53 9 

10 6 

1887 

1882 

0 

July . 

68 7 

61 0 

1 7 7 

1887 

1888 

0 

August 

66 8 

60 9 

5 8 

1884 

1888 

0 

September 

6M 

56'9 

4-2 

1884 

1887 

0 

October . 

53 1 

! 168 

' 6 3 

1886 

1887 

1 

November 

46 H 

•I0-8 1 

♦;o 

1888 

1887 

4 

December . 

420 

33 3 1 

8-7 

1888 

1890 

2 

Year . 

515 

49 0 1 

2-5 

1884 1 

1888 

0 


Estuary Temperatures. 

Abstract of Discussion of the Temperature of the Tidal Estuaries in the 
South-east of England. Eg Dr. H. C. Sorbt, P.B.S. 

Temperature of the air on dock and of the water at surface and 
bottom were made at high and at low tide from the yacht ‘ Glimpse.' 
The district specially studied extends from the Strait of Dover up ‘ the 
mouth of the Thames ' to the West Swale and Chatham ; thence to the 
estuaries of thb Roche, Croucli, Rlackwatcr, and Colne (where each 
season’s observations began and ended); to Walton Creek, the Stour, 
the Deben, and the Aide on to Lowestoft. The open water most fre- 
quently examined was that of the Swin and Wallet, from which the 
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esitiaries named above diverge more or less directly. The depth in the 
estuaries at low tide was usually from to 4 fathoms, that of the open 
water about 6 fathoms. The observations extend over the period from 
May to September in each year, as long a time as it is practicable to live 
on a yacht in such an exposed situation. 

The following table gives the monthly means observed in the 
estuaries : — 




Date 



High Tide 

Low Tide 

Air 

May . 




A8a« 

o 

57i> 

o 

58 5 

56° 8 

June 





Gl'7 

G2'4 

G5-5 

July . 





65 5 

66*9 

68-5 

August 





67*7 

67-5 

65-9 

September 





G3-2 

62-7 

631 

May . 




A885 

62-3 

63T 

53 0 

June 





G2-8 

64‘2 

62-3 

July . 



. 


6G-8 

G6*8 

63 7 

August 





62-5 

62*5 

63- 1 

September 





59*1 

59 2 

60 6 

May . 




X886 

54G 

570 

60 2 

Juno 




• . 

59 0 

59*3 

57*4 

September 




• 

G4-9 

63-5 

61-8 

May . 




1887 

49 7 1 

520 

64-9 

July . 




• 

694 

69-7 

671 

September 





58-7 j 

57'5 

5G-9 

May . 




1888 

65-1 

54*3 

52 9 

June . 





59-6 

69-2 

61-7 

July . 





50-4 

60-8 

60-9 

August 





61 1 

62-2 

64 4 

September 




i 

59-9 

60-4 

600 


Making allowance for the incomplete data, the mean temperatures in 
the estuaries and open water wore as follows: — 


Date 

Air 

Estuaries 

Open Water 
Swin and 

Difference lietween 
Estuaries and Open 
Water 







Higli 

Tide 

Low 

Tide 

WaUet 

High 

Tide 

Low 

Tide 

May 

o 

o 

o 

o 



65-4 

54-2 

66'5 

51-8 

+ 2-38 

+ 3-68 

Juno 

60-1 

GO'S 

61-5 

60-2 

+ 0 53 

+ 1 24 

July 

65*1 

65-7 

66'4 

64-2 

+ 1-49 

+ 2 26 

August . 

Cl-3 

64 0 

64-2 

63-4 

+ 0-67 

+ 0-89 

September 

60-5 

610 

606 

61*3 

-0-30 

-0-74 

Means 

611 

6M 

61-6 

— 

' — 

* — 
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In Jaljr 1886 the North Sea was 2®*3 cooler than the Wallet, and 
5°*6 cooler than the estuaries. The water of the shallow estuaries evi- 
dently heats up more rapidly in spring, attains a higher temperature in 
summer, and cools down more rapidly in autumn, than does the open 
sea. The observed maximum temperatures were as follows : — 


- 

W ater 

Air 

1884 .... 

72 1, August 12 

76‘6, July 4 

1885 .... 

741, Julv 11 

78-1, June 4 

18815 .... 

72 2, July (5 

75-5, July 6 

1887 .... 

7.5 5, July 26 

81-0, August 8 

1888 .... 

Vu) 1, August 10 

81-0, June 3 

Mean 

71-4, July 2.3 

78*5, June 20 


Hence the average maximum for the water was 7°T less than that for 
the air, and occurred about twenty-six days later. 

In extreme cases, when the tide has risen over a wide expanse of 
heated mud, the surface temperaturd has been seen as much as 2 ^ above 
that of the bottom ; when tlio sun is shining strongly a difference of 1® 
may be observed ; but, as a rule, in tjie estuaries the rush of tide prevents 
any difference of more than half a degree. When the air is very cold 
the surface water has been observed half a degree or so colder than that 
at the bottom. During the period of observation, the surface tempera- 
ture was always in excess of that of the bottom, the greater difference at 
high water being accounted for by' the cold current setting in from the 
open sea : — 


Excess of Surface over 
Jiottoin Temperature 


INtickI 






. 1 




! High 
i Tj.le 

I 

I/OW 

Tide 

Mean 

May and June .... 



t O 

o:i.> 1 

1 0 

O 

0 25 

July and early August 



0-17 

! 0 20 

0 18 

Late August and Ht^ptember 



0 03 

1 0 07 I 

005 


Low water is usually warmer than high water in the summer season, 
but, as shown below, variations are experienced in particular years. 

Excess (-f ) or Dcficioiicy ( — ) of Low Water Temperature. 


Year 

May 

June 

July 

August 

September 

1884 .... 

+ 0-6 

o 

+ 07 

o 

+ 1-4 

o 

-0 2 

-0>> 

1886 .... 

*10 8 

+ 1-4 

+ 0T 

- 0 05 

+ 0 05 

1886 .... 

+ 24 

-1 0-3 



-1*4 

1887 .... 

+ 2 .3 


-1 0.3 


-1-2 

1888 .... 

-0 8 

-04 

+ 1*4 

+ ]i-2 

1 +0*4 

Mean .... 

+ 10 

+ 0*5 

+ 0-8 

+ 0 3 

-0*5 


The effect of solar radiation in heating the water of estuaries during 
the day, and of radiation from the water reducing their temperature at 
night, has been arrived at by comparison of the same tidal phase occur- 
ring consecntively by day and night. The results are as follows ; — 
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- 

May 

June j 

July 

August 

Septemt)er 

High Water 


o i 




Day .... 

-f I G 

+ 0-5 

+ 2'2 

+ 0-6 

+ 0G 

Night 

-1-2 

-0*5 1 

-OG 

-0'8 

-07 

Low Water 


1 




Day .... 

+ 09 

+ 2-9 ! 

•+2-5 

+ 1T> 

+ 0-7 

Night 

-10 

-20 

-2-4 

-1-5 

-0-6 

Mean 


, 




Day .... 

+ 1-2 

+ 17 j 

+ 29 

+ 10 

+ 0-6 

Night 

-11 


-1*5 

-11 

t -0-6 

Neglecting sign the total changes are 




- 

May 

Junt* I 

July 

j Auguf't 

September 



O ) 

O 


o 

Mean, high tide . 

M 

0 .> 

1 i 

i 0 G 

OG 

„ low tide 

1 0 

j 2 .■) 

2 4 

! 1-5 

0-6 

„ tide . 

i-i 

T r, 

1 9 

11 

0‘6 


A comparison of the general means for the whole five months shows 
the mean effects of day heat and night cold to be : — 



1 High Water 1 

Low Water j 

Mean 


! o ; 

O 1 

0 

Heat of day 

1 07 

1-71 

i 1-39 

Cold of night 

076 

1 50 

112 

Difference . 

1-0. *U 

+ 0-21 

+ 0 27 


This shows, although only as a rough approximation, the average 
daily rate of storing heat in the summer months. 


Rivee Derwent (Derbyshire). 
Ohscrvations made at Belper bij Mr. W>i. Hunter^ 



1877 

1878 

1879 

1880 

1881 

1882 

1883 

1881 

188,5 

Mean 


o 

o 

o 


r 


O 

O 

o 


January . 


42-5 

97-7 

39 5 

98-2 

49G 

4h9 

44 2 

41-2 

411 

February . 

— 

49-7 

40-9 

42 2 

40 0 

49-4 

49-6 

49*4 

42 9 

42-4 

Iklarch 

. — 

4:.l 

42 5 

45 0 

49 8 

44 6 

411 

451 

43-4 

43-8 

April 

— 

48-2 

45-6 

47'4 

4G0 

. 48-0 

48-1 

46 0 

600 

47-4 

May . 

— 

52-8 

49 0 

52-5 

59 G 

52-8 

51-6 

6i-4 

49-2 

520 

June 

57-7 

55 8 

53-7 

55-8 

57 9 

r>i*6 

6G-7 

07-8 

671 

67-4 

July . 

58-1 

61-4 

54-6 

57-8 

1 61*6 

66 J 

671 

62-7 

62 6 

691 

August 

580 

58-9 

54-9 

67-7 

57-6 

67-3 

68-6 

62-6 

68-0 

68-2 

September 

51-7 

550 

620 

56-3 

621) 

62 4 

640 

68*2 

66-7 

64*1 

October . 

48-4 

49-3 

1 489 

4G-7 

46-2 

44-7 

49 3 

49-9 

— 

47*9 

November 

46-4 

42-2 

42-5 

430 

46-8 

43-7 

43-4 

46-3 

— 

440 

December 

42-4 

37'7 

37 G 

431 

42*2 

— 

42-9 

41-6 

— 

40*7 

Means . 

— 

49-4 

46'G 

48*8 

48*8 1 

49‘2 

490 

61*7 

— 

490 


1891. H H 
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SiA Obseevations at Arbroath. 


Observations at Mason's Oove, two miles north of Arbroath. 
By Mr. Wm. Glen. 


- 

1888 

1889 

1890 

1891 

Mean 

January 

o 

O 

44*5 

o 

47-5 

o 

42 6 

(44^0) 

February 

— ■ 

41*5 

45 0 

43-5 

(42-7) 

March .... 

42-0 

43-5 

43 5 

44-5 

43-3 

April .... 

440 

45-5 

47-5 

44 5 

45-4 

May .... 

49-.> 

49-0 

60 0 

48 0 

491 

June .... 

rA 0 

55*0 

545 

53-5 

54 2 

July .... 

r>rvO 

59-5 

.57-5 

570 

57-3 

August. 

575 

(;()r> 

58 5 

58 4) 

58’6 

September . 

67-5 

57*5 

.58-5 

58*0 

67-9 

October 

51-5 

51-5 

55 '5 

— 

(54 0) 

November 

47 5 

51 0 

52 5 

— 

(50 4) 

December 

47 5 

470 

46-6 

— 

(47 0) 

Mean . . j 

! (48 8) i 

1 50 7 

51-4 

(50-2) 

(60 3) 


Sea Observations at Dover. 

Notes of Observations made at Admiralty Bier^ Dover^ by Captain J. Gordon 
McDakin, under the attspices of the Dover Natural History Society. 

The place of observation is about 1,000 feet from the shore. Depth 
of water about 32 feet at lowest tide. 

In the previous year temperatures were taken (at irregular intervals, 
and therefore not in conformity with the requirements of the Committee) 
to ascertain tlie diflTerence of temperature of the surface water of the 
tides running north and south, their relation to fogs, &c. 

The temperature does not appear to be affected by the northerly or 
southerly set of the tide. 

The average water- temperatures during the abnormally cold winter of 
1890-91 were for December 33°‘0, January 36°*5, February 40°*0, or 7® 3 
below the average of the same three months of the previous winter, when 
the temperature might be considered normal. The low temperature 
appears to have been caused by the melting snow on the surface water. 
I am inclined to think, from numerous careful observations made by 
myself, that 40° is the lowest normal winter temperature. 

The lowest temperatures were on December 10, air 27°, water 28°, 
and January 10, air 26°, water 28°. It was stated in the local press that 
at Margate ‘ the ice was drifted and packed at the foot of the cliffs to 
the height of six feet. The shore for a great distance was covered with 
crabs and starfish which had been frozen to death.* 

The small river Dour, rising from two springs at Alkham and Ewell, 
and flowing into the sea at Dover, about four miles distant, remained 
unfrozen during this severe winter. The temperature on one occasion 
was 48° when the surrounding country was covered with snow and ice. 

Discussion op Sea Observations carried out for tue Fishery Board 
ON the Coast op Scotland. By Hugh Robert Mill, D.Sc. 

In the Ninth Annual Report of the Fishery Board for Scotland, part 
iii. p. 353, a detailed discussion of temperature and other physical obser- 
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irations on the water of the sea at certain fixed stations is given. The 
summarised , results in tabular form are given below, in order to render 
them more available to other workers, and to afford ready compari- 
son with other records carried on simultaneously in different places. 
The following tables are expressed' in Centigrade degrees, most of the 
instruments used by the Board’s observers being graduated on that 
system. 

Ardrishalg and Brodick are situated on the Clyde Sea Ai*ea, and 
observations of surface-water only are taken twice daily at the end of the 
steamboat piers in water never less than 0 feet deep at low water. 

The Beil Bock Lighthouse stands in the N’orth Sea nearly opposite 
the estuary of the Tay and twelve miles south-east of Arbroath, being 
thus quite beyond land influence. 


Monthly Mean Temperatures of the Sea. 






ABDUISHAia 


BnoDicK 

Bell Rock 
L wn I'uoLf-F 

OVf'All Liouthousb 

Month 


Yoai 

9 A.M 

3 1 

M. 

IOa.m 

4 r.M. 


3 r.M. 

9 A.M. 

3 I’.M. 




Air 

Sur- 

face 

Air 

Sur- 

face 

.Sur- 

face 

Sur- 

f.ico 

Sur- 

face 

Sar- 

f.ice 

Air 

Sur- 

face 

Sur- 

face 

J.inn.'Liy. 


1HS)0 

0 f 

®C. 



® 0. 

® 0 

° r. 

6*5 


oc. 

6 5 

® C. 
6-2 

C. 

6 0 

Fcliriinrv 


,1 

4 2 

IM} 

6 9 

5-9 



5 7 



4 1 

6 0 

6 0 

Miircli . 


1 

84 

(. 9 

10 9 

1 7-2 

— 

— 

5 3 

5-5 

7*1 

6*7 

6 9 

Apiil 



10-5 

8 0 

H-4 

1 8-5 

7 9 

8'5 

6 3 

6 4 

86 

71 

7-1 

Mivv 



1.V4 

H'l 

18’9 

11-6 

10*4 

11 2 

8 6 

8 8 

11*6 

9-8 

98 

Juno 


1 ?' 

5 

11-3 

19 4 

116 

11-6 

12 2 

1(H) 

10 J 

14-1 

11-0 

11-3 

July 



14 7 

1L7 

168 

124 

12 5 

13 6 

11-6 

! 11-7 

14 8 

10 8 

11-4 

August . 



U-9 

13 3 

174 1 

13 7 

13-7 

14 1 

12-7 

1 12 7 

14-9 

10 3 

10*7 

September 



14 9 

12 8 

16 1 j 

13.3 

13-3 1 

13 8 

13 0 

! 13 1 






October . 


1 

10 « 

11*0 

111 1 

113 

11-4 

11 9 

116 

'119 

loo 

82 

H 9 

November 



50} 

9-1 

6 6 

' 9 2 

97 

9 8 i 

9 5 

9r> , 

63 

7-1 

7*6 

December 


1 *9 

1 

<>*.) 

35 

6 6 

S 0 

8-1 i 

7(, 






Januarv . 


ibin j 

1 S 0 

5-1 

4 6 

r>-5 

6 5 

6 7 i 

5 3 

5 2 

3 1 

3 9 

43 

Febiuaiy 



t 5 7 

6*8 

71 

6 8 

6 5 

71 i 

5 2 

5-4 







March . 


; ” j 

36 

5 9 

52 

Cl 

68 

60 

4 8 

4-9 

4 6 

43 

6-0 


Oxcar Lighthouse is situated in the Firth of Forth a little to the west 
of Aberdour, and is built on a rock surrounded by deep water. From its 
situation it is much under the influence of fresh water carried down by 
the Forth and its small tributary the Almond, when in flood. The tide 
here has considerable power, and the observations were sorted out in order 
to detect any tidal disturbance. As the two daily observations were taken 
six hours apart, they were almost exactly at opposite phases of the tide. 
Neglecting all cases except those in which the observations were within 
an hour and a half of high or of low water the results were classified as 
given in the table on next page. 

The North Carr Rock Light- vessel is anchored off Fife Ness, just 
beyond the mouth of the Firth of Forth, in 24 fathoms of water. The 
situation is a very exposed one and little subject to land influence. The 
monthly means at this station and their tidal discussion are on pp. 468, 
469. The surface- temperatures recorded are probably too low on account 
of the time which was allowed to elapse between raising the thermometer 
from the water and reading it, and of the exposure of the wet bulb to 
the air. 


H H 2 
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Oxcar Lighthouse* Tidal JBffect on Temperature* 


Month 

Year 

Temperature 

Differ- 

ence 

S 5 -S, 

Temperature 

S 5 -S 9 

High 

Water 

9 A.M. 

Sd 

Low 

Water 

3 l\M. 

S 5 

Low 

Water 

9 A.M. 

03 

00 *; » jr* 



o C. 

(’. 

°C. 

i\ 

OC. 

° C. 

January . 

1890 

BO 

B-7 

07 

6-2 

B-4 

0-2 

February . 


4B 

48 
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North Carr Lighl-vnssel. Temperature of Water (Monthly Means). 
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The following table shows that when high water occurs at 9 a.m. and 
low water at 3 p.m. in the warm months, the heating effect of the sun and 
of the ebb from the Forth makes the water 0°‘4 warmer on the surface and 
0®*3 warmer on the bottom in the afternoon than in the morning. But in 
the cold months the cold ebb- water from the Forth completely neutralises 
the feeble heating effect of the sun, and no rise of temperature occurs in 
the afternoon. On the other hand, when high water occurs in the after- 
noon in the warm months and low water in the morning, the colder water 
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from the North Sea prevents sun-heat from raising the surface tempera- 
ture more than l C. in the warm months, and allows no rise of tem- 
perature at all in the cold mouths. It is probable that the effect is pro- 
duced bj the warming power of the ebb-water at 11 a.m. making up for 
loss bj radiation at night, and this would completely account for the 
range being greater at the bottom than on the surface, as the surface is 
naturally more affected by the fresher ebb-water. 


North Carr Light-vossel . Mean Tidal Effect on Temperature. 
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Ahertatj Liglit-ves,9el. Temperature of Water {Monthly Means). 
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The Abertay Light- vessel is anchored in abont 8 fathoms of water, 
the depth varying from 6 to 10 fathoms according to the tide, at the 
mouth of the Firth of Tay. Its position differs from that of any of the 
other stations, most nearly resembling Oxcar, but subject to much more 
intense and variable conditions. The tides run very strongly, and the 
shifting of the sandbanks on both sides of the entrance to the Firth must 
produce corresponding changes in the direction of the tidal streams. 

The tidal effects at Abertay are remarkably distinct and striking. 
They are brought out in the following table, which extends and confirms 
the conclusions drawn from the Oxcar and North Carr observations. 


Ahertay Light-vessel. Mean Tidal EJfect on Temperature. 
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It appears from this table that the average change of temperature on 
the surface between morning and afternoon is about a degree C., and the 
daily range of temperature on the bottom something more than half a 
degree C. The changes are sometimes in one direction, sometimes in 
the other, and the mean of the whole series shows a slight warming in 
the afternoon. 

The tidal relation of the water is remarkably simple, and affects 
the bottom almost equally with the surface. It may be summed up 
thus : — 

In the warm months, when high tide occurs in the morning, and low 
tide in the afternoon, the water in the afternoon is nearly a degree 0. 
warmer than in the morning — the average of the month of June shows 
even 2°'25 C. of increased warmth. But in the warm months, when low 
tide occurs in the morning, and high tide in the afternoon, the water is 
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about three-quarters of a degree C. colder in the afternoon than in the 
morning — the average of the month of June shows this afternoon cooling 
to be as much as 1°‘8 C. In the cold months the phenomena are reversed. 
When the tide is high in the morning and low in the afternoon, the water 
is about half a degree C. colder in the afternoon than in the morning — 
in December as much as 1° 0 C. When the tide is low in the morning 
and high in the afternoon, the water is about three-quarters of a degree C. 
warmer in the afternoon — in December as much as 1°’6 C. 

It thus appears that the tidal effect on temperature is stronger than 
the solar. In summer, no matter how hot the day may be, the water at 
the Abertay lightship cools steadily until the hour of high tide ; in winter, 
no matter how cold the night may have been, the water warms steadily 
until the hour of high tide. The explanation is simple and sufficient. 
The temperature of the water of the Tay is always higher in summer and 
lower in winter than that of the sea, and putting the case generally, the 
Abertay light- vessel floats in Tay water at low tide, in North Sea water 
at high tide. 


These observations, which are not further alluded to in this report, 
serve to record a very large amount of thoroughly trustworthy observa- 
tions. Especial attention is directed to Mr. Chapman’s magnificent series 
of mean monthly temperatures, which illustrate very clearly the varia- 
tions in the seasonal swing of temperature in water in one of the most 
extreme average climates of the British Islands, taking its low altitude 
into account. It serves not only to record the variations in temperatures 
of the Cherwell, but to suggest the range of deviations from normal 
seasonal temperatures to be expected in any case. Thus we are warned 
not to assume the mean of one or two years as being the real mean 
temperature of any exposed body of water. 


B. Becord of Occasional Observations. 

Many observations taken regularly at intervals of a week acquire some 
value in tracing the seasbnal variations if they have been carefully per- 
formed and carried out at exactly the same hour on each occasion. 


River Wandle. 

Observations hj Mr. F. C. Bayard, LL.M.y F.E,M€t,Soc., made under the 
auspices of the Croydon Microscopical arid Nahiral History Club, 

These observations were made once a week at a number of points near 
the sources of the river Wandle, which takes its rise as an outflow from 
the chalk, and throughout its course of ten miles to the Thames is never 
known to freeze. 

The observations of temperature on the Wandle by Mr. Bayard once 
a week for 1889 are published by Mr. Thomas Cushing, F.R.Met.Soc. in 
Report of the Meteorological Sub-Committee of the Croydon Micro- 
scopical and Natural History Club for 1891. Mr. Cushing gives the 
following abstract of the extreme temperatures observed and the yearly 
range : — 
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Carshalton Branch of Wandle. 
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Weekly mean air-temperature was lowest (30°'5) on January C, and 
highest (G4®'1) on September 15, a difference of 33°‘(). 


River Hull. 

Observations of Temperature made at Driffield on the River Hull hj 
Mr. John Lovell, FM.Met.Soc , January- September 1891. 

The observations were made once a week at three stations until 
June 21, thereafter at one station. 

Station 1. — King’s Mill Stream, over quarter of a mile south of the 
observer’s climatological station (lat, 54° 0' 30" N., long. 0° 27' 15" W.), 
and fed by springs from distances of from one quarter to one half a 
mile. 

Station 2. — River Head. More than one mile south-east of King’s 
Mill ; a deep-water basin above a lock on the canal known as River 
Head. The river here flows S.S.E., and is partially sheltered on north, 
east, and west. 

Station 3. — Whinhill. About two miles farther down the river at the 
second lock, E.S.E. from River Head, stream flowing due east. Greatly 
exposed to ^l winds. 

Sea temperature in Bridlington Bay from boat : — 


June 6, 53°'2; June 20, 56®*0 at 6 P.M. 
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Observations of Temperature at Driffield, Yorkshire, 1891. 


Date 

Screen tenipornture 
for the (lay 

Stations 


Previous week 

For the day at 

9 A . M . 

King’s 

Mill 



Rain- 

fall 

Bright 

Sunsliine 

9 A . M . 

Max. 

Min. 

River 

Head 

Whin 

Hill 

Cloud 

Wind 

Force 

January 








Ins. 

H . 

M , 




18 . 

18-8 

2?-6 

15 0 

43*9 

44*7 

40 2 

•43 

10 

45 

0 

W. 

0 


26 . 

37*2 

44-2 

34 2 

45 0 

45*9 

42*8 

•33 

17 

55 

0 

W. 

3 

February 

1 . 

37-0 

46-5 

35 7 

46-3 

47*4 

45 3 

•21 

16 

20 

1 

N W. 

3 

„ 

8 . 

41-2 

44-0 

.39 5 

47*5 

47*9 

47*3 

•01 

22 

10 

10 

W. 

1 

,, 

16 . 

39-3 

837 

33*8 

46 9 

48 0 

47*3 

•05 

16 

65 

2 

W. 

0 


22 

29 8 

87 7 

29*3 

46*2 

46*6 

44*9 

•02 

23 

10 

10 

8E. 

2 

March 

1 . 

48-8 

557 

87*0 

48*0 

48*8 

48 4 

•05 

33 

15 

10 

W. 

4 


8 , 

32 3 

37-3 

31*1 

46 3 

46-7 

46*3 

•24 

27 

40 

8 

N.W. 

1 

„ 

18 . 

36-0 

42-4 

32 0 

46-0 

46 9 

46*0 

•61 

35 

30 

10 

S.E. 

3 


22 , 

39-.) 

45-0 

28 2 

46 1 

48 0 

46*8 

•57 

21 

10 

1 

N. 

1 

April 

29 . 

39‘4 

43 ‘G 

34*2 

45*3 

47 5 

45*0 

•41 

32 

0 

1 

N. 

4 

6 . 

39 4 

41-6 

39*2 

45*5 

46*3 



•26 

32 

0 

10 

E. 

5 

,, 

12 . 

43-1 

47-1 

37*0 

47-2 

.50 0 

50*3 

•88 

12 

0 

7 

N.E. 

2 


19 . 

43-4 

47-0 

8*1 1 

47-4 

50*3 

61*0 

•34 

37 

0 

9 

E.N.E. 

3 


26 . 

45 g 

52-2 

25*.'> 

48*0 

60*8 

62 0 

•15 

40 

0 

0 

SE. 

0 

May 

3 . 

46 2 

63-5 

36*7 

48 0 

49*6 

51 6 

•45 

45 

0 

7 

s w. 

3 

„ 

10 . 

60-4 

66-2 

44*9 

49 0 

49*0 

50*0 

•10 

53 

0 

9 

N.E. 

5 

„ 

17 . 

41-2 

447 

28 2 

47 8 

48 0 

48 0 

•26 

54 

0 

10 

W. 

2 


24 . 

48’1 

40-4 

41*8 

49 0 

49 6 



•42 

39 

0 

5 

E. 

3 


31 . 

60-0 

56-9 

89 8 

1 49 7 

63*0 

67*0 

•74 

23 

0 

10 

E. 

2 

June 

7 . 

477 

63-4 

45*5 

! 49 0 

61 0 

65 6 

•15 

67 

0 

10 

N.N.E. 

2 

,, 

14 . 

67-1 

61‘0 

47*3 

50 9 


— 

•02 

35 

0 

10 

N.W. 

3 


21 . 

53-2 

62-4 

49*0 

1 61 0 

55 7 

62*0 

•28 

37 

0 

10 

N.E. 

2 


28 . 

61-9 

— 


62 0 



•30 

46 

15 

9 

S.W, 

2 

Ju’ly 

5 . 

62 0 

-- 

— 

51*0 

_ 

— 

•60 

60 

45 

6 

S.E. 

1 

„ 

12 . 

57 -G 

— 



- 

— 

•63 

27 

45 

10 

N.N.W. 

1 


19 . 

60 3 

— 

— 

.52 2 

— 

— 

•24 

26 

15 

9 

S.W. 

1 

August 

26 . 

64-0 

— 


52*3 


1 _ 

•63 

33 

35 

3 

w. 

2 

2 . 

62- 1 

— 

— 

53 0 


1 

163 

32 

65 

7 

S.W. 

2 

„ 

9 . 

61-6 

— 


5.1 2 


- 

•37 

26 

50 

10 

S.W. 1 

2 


16 . 

65-8 

— 

- 

51 3 



•90 

32 

26 

10 

N.W. 

2 


23 . 

540 



51 t 



•73 

9 

45 

10 ’ 

N.W. ! 

3 

„ 

30 . 

837 

— 


49 S 

. _ 1 

— 

1 10 

20 

10 

3 

s. 

0 

September 

6 

57'0 



51*4 


— 

•84 

43 

50 

10 

S.W. i 

3 


13 , 

64 5 ; 

— 


1 51 7 


— 

16 

57 

30 

2 

E. 

1 

„ 

20 . 

58-0 i 

— 


51*0 



-.38 

19 

55 

10 

s. { 

2 

” 

27 . 

65-6 

— 

— ' 

49 9 


i ■' 

•58 

23 

50 

1 

w. 

5 


C. Observations regularly made for the Committee. 

The remainder of the observations have been specially taken from the 
commencement for the Committee, and are recorded in the manner 
already explained. The curves expressing weekly means are inserted in 
the text, except Curves XX. and XXIIL, which are shown on Plate XYI. 
In a few instances the monthly means have been calculated from the 
daily readings by the observers, and discussed more or less completely. 


Rochdale Reservoies. 

Pull particulars of the situation of the reservoirs are given in Mr. 
Ashworth’s report of the work done on them, and the corresponding 
curves of weekly means are given as No. 1. and 11. ; the true monthly 
means, calculated from daily observations, are entered below : — 

Discussion of Temperature Obsei'vations of Air and Water at Cowm arid 
Spring Mill Reservoirs, By Mr. J. Reginald Ashworth. 

In furtherance of the work of the Committee, and under the auspices 
of the Rochdale Literary and Scientific Society, observations are being 
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carried on at Cowm and Spring Mill Reservoirs, permission to do this 
having been obtained from Mr. W. Tomlinson, the manager of the 
Rochdale Corporation Waterworks. 

The observations began on January 1, 1890, and a synopsis of the 
results obtained is given below. A record of the rainfall and the number 
of days on which rain fell has also been included. The hour for observ- 
ing the instruments is nine o’clock in the morning, but at Cowm during 
the month of January 1890 the readings were taken at twelve o’clock, 
noon, and in consequence a considerable difference will be remarked 
in the mean temperature of the atmosphere at the two stations in that 
month. 

Both reservoirs lie in valleys running nearly north and south (open 
to the south) about one and a half mile apart, and from three to four 
miles north of Rochdale. Cowm, the larger reservoir of the two, is 816 
feet above sea level, and its drainage area is 900 to 1,000 acres. Spring 
Mill is 771 feet above sea level, and has a drainage area of 500 to 600 
acres. 

The accompanying table sufficiently explains itself. The figures at 
both stations differ but little, but in column iv. it will be noticed that 
the monthly range of xcater temperature lias been generally greater at 
Cowm than at Spring Mill ; the extreme oscillation during six months 
covers 25°'5 at the former and 25°*2 at the latter station. The wide 
difference in the fluctuations of air and water temperatures is brought 
out more strikingly in the chart. 


Curve T. Cowm Resorvoir, l{och<hilc. 0 A m. 



On three occasions in the months of June and July the temperature 
of the principal feeding stream to Spring Mill Reservoir was taken, and 
it was found to be 5®* 7, 5°'8, and respectively colder than the main 
body of the water as tested near the overflow. The first of these obser- 
vations was taken at 9 o’clock in the evening, and the other two at the 
usual observing hour. 

Mr. James Higgle, C.E., F.G.S., has also thermometric observations 
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in progress (commenced on March 1), on Clay Lane Reservoir of the 
Hey wood Corporation Waterworks. 


Cowm Reservoir, 





II. 

III. 

IV. 

V. 

VI. 

VII. 


Mean 

Mavimuiu 

Minimum 

Range of 

Mavimuni 



1890 

Temperature 

Temperature 

Temperatuie 

Tcmpei ature 

Difference 


No. of 












Rain- 

days on 





















Air 

Water 

fall 

winch 


Air 

Water 

Air 

Watci 

Air 

Watei 

Air 

Watei 

above 

above 












Water 

Air 









o 

o 




Ins 


January, 12 noon. 

41T, 

38-6 

49-8 

40-8 

24-7 

32*7 

25 1 

81 

11-0 

8*0 

7*530 

24 

February, 3 . 

ill 9 

36-3 

44 0 

39 0 

28 7 

33*7 

15 3 

6 3 

6 0 

6*4 

0 7G5 

7 

March . 

4UT 

38 4 

60-8 

43-5 

25 7 

32 7 

25*1 

10*8 

11*0 

7*0 

5 245 

22 

April . 

44 1 

43 3 

55 8 

47 5 

37-8 

42-0 

18 0 

6 5 

90 

6 0 

1*815 

10 

May 

60 7 

613 

61-7 

65-8 

45-8 

46*3 

15*9 

9*5 

79 

7-0 

3 765 

13 

June 

54 8 

66-0 

G3'7 

68-2 

60 3 

62 6 

13 4 

6 7 

6 3 

99 

3 960 

18 

July ., 

66 3 

67T 

63 7 

69 4 

61-8 

65-6 

11*9 

3 9 

6*0 

4*4 

4-GC5 

18 

August . 

65-5 

58 5 

63*7 

Gl-7 

48'3 

54*8 

15 4 

G 9 

25 

6 9 

6 705 

19 

September . 

6G'7 

6G2 

02-7 

59*7 

62-3 

64*8 

10*4 

4*9 

50 

3*5 

1*920 

12 

October 

46-8 

60 8 

55*5 

55 9 

30-9 

44 8 

24 6 

11*1 

1*5 

14 9 

6 510 

17 

November . 

40 3 

42 G 

60 8 

46 8 

27-7 

38 5 

23*1 

7*3 

8*0 

12 3 

9*020 

22 

December . 


— 

— 


— 






0*820 j 

8 


Sprmg Mill Reservoir. 


January . 
Februarjf . 
March 
April . 

May . 
June . 

July . 
August 
September 
October . 
November 
December . 


January 
February 
March ‘ 
April . 
May . 
June . 
July* 


I. 

Mean 

Temperature 

ir. 

Maxininm 

Temperature 

ni. 

IV. 

V. 

VI. 

VII. 

Minimum 

Temperature 

Range of 
Temperature 

Maviniuni 

Difference 

Rainfall 

No. of 
days on 
V hieh 
Rain fell 

Air 

Water 

Air 

Water 

Air 

Water 

Air 

Water 

Air 

above 

Water 

Watei 

above 

Air 





1890 

















Ino. 


38 3 

38*5 

48 8 

40*8 

22*2 

31 7 

26 6 

bl 

1(1*0 

1.1 0 

7*279 

27 

35-0 

36*2 

44 0 

39*3 

29 7 

31*2 

14*3 

5*1 

5 0 

6 4 

0-7U 

8 

40 G 

38*6 

60 8 

42*8 

26*7 

33*2 

24*1 

96 

10*0 

6*5 

5*369 

23 

43*7 

43*3 

63*8 

46*8 

38*8 

42*3 

16*0 

3*5 

8*0 

4*2 

1*679 

n 

62*7 

61*5 

62*7 

65*8 

46 0 

46 3 

16*7 

9 5 

8 1 

6*5 

3*688 

13 

66*5 

66*4 

61*7 

68 4 

60*3 

53 8 

11*4 

4 6 

6*0 

6*4 

3*794 

20 

66*0 

57*4 

64*7 

69*3 

61*8 

65-9 

12*9 

34 

6*6 

4*9 

4*701 

19 

66*8 

68*4 

64*7 

62*2 

49*6 

54*4 

15*1 

7*8 

3*5 

8*9 

6*616 

21 

67*6 

66*8 

64*7 

69*0 

61*8 

64*3 

12*9 

47 

6 2 

40 

2*163 

12 

47-2 

50*2 

66*4 

65*7 

30*7 

43*8 

24*7 

11*9 

6*0 

13*1 

6*821 1 

18 

39*9 

42*5 

62*8 

46*1 

27*7 

88*6 

26*1 

7*6 

9 4 

12 1 

9 603 

22 

30-1 1 

34*3 

39*0 

38 4 

18*0 

32*0 

21*0 

6*4 

6*5 

15*6 

0*733 1 

9 





1891 







32*2 

33*2 

44*0 

36*0 

15*3 

32 4 

28*7 

26 

10*0 

17*2 

4*182 

16 

38*2 

36*6 

45*0 

37*0 

32*0 

34 0 

13*0 

3*0 

10*0 

4*0 

0*426 

6 

38*6 

38-2 

-- 

- 


— 

— 

— 

— 


2*995 

19 

41*4 

39*7 

50*2 

42*5 

33*0 

36*2 

17*2 

6*3 

7*7 

3*2 

2*242 

13 

47*1 

47*6 

61*3 

61*6 

36*0 

43*2 

26*3 

8*3 

10*2 

11*0 

4*499 

21 

68*2 

66-8 

66*6 

61*0 

48 0 

60 0 

17*6 

11*0 

8*0 

6*0 

1*793 

13 

68*2 

60'9 

64*0 

62*2 

62*0 

68*0 

12*0 

4*2 

3*0 

8*0 

4*211 

18 


14 days only. 


26 daj^s. 
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Curve II. — Spring Mill Reservoir, Rochdale. 9 A. M. 



Oldham Reseuyoirs. 

The weekly means of Piefcliorn and Denshaw reservoirs are given in 
Curves Nos. III. and IV. Both reservoirs are situated in a region the pre- 
vailing formation of which is Millstone grit. Piothorn reservoir has an 
area of 40 acres, a depth of 58 feet, and a capacity of 344 million gallons. 
Its surface is 823 feet above sea level. Denshaw reservoir is of smaller 
size, 23 acres, with a depth of 54 feet, and capacity of 146 million 
gallons, and it stands 1,000 feet above the sea. Piethorn may bo com- 
pared in elevation with Cowm and Spring Mill reservoirs, referred to 
above, and it is interesting to compare the respective temperatures. 

Discussion of Temperature Olservatiovs on Air ami Water at Piethorn aud 
Denshaw. By Mr. William Watts, F.O.S. 

The temperature observations of the atmospheric air and water taken 
at Piethorn and Denshaw have been in accordance with the instructions 
of the Committee, and under the auspices of the Manchester Geological 
Society. The area and capacity of each reservoir remain unchanged, 
and the readings are taken daily at 9 a.m. A higher temperature both 
of atmospheric air and water is still maintained at Piethorn, although 
the two valleys are near together, similar in their geological substrata, 
and not much unlike in their physical conformation. Trees in both 
valleys are scarce and grow with difficulty, although in former times 
they appear to have flourished luxuriantly at a much higher elevation 
than we find them existing now. The absence of trees is to be explained 
rather by the keen north-east winds to which the valleys are exposed, 
and by the rapid denudation of the valley sides by rain which washes 
the soil from the roots, than by the pollution of the atmosphere by 
factory smoke. A glance at the tables shows that the water is warmer 









in winter and cooler in summer than the surrounding air, consequently it 
must not be objectionable to reside on the margin of large reservoirs 
except that an increase in the humidity of the air may be a drawback. 


Average Daily Temperature. 


Month 

PlETIIORN 

Densiiaw 

Air 

Water 

Air 

Water 





18 

89 



June 

, 



59-6 

o 

681 

60°8 

58-7 

July . 




57-8 

69-8 

57*5 

59-8 

August 




56r> 

58-2 

549 

57-6 

September 




531 

65-9 

51-7 

66*4 

October . 




40*5 

48*4 

44-2 

47*6 

November 




43-3 

44 6 

41*2 

43-9 

December 




37-5 

39-3 

35-7 

380 





1890 



January . 




39 2 

39 0 

37 9 

38*7 

February . 




351 

371 

34 4 

36-3 

March 




40 8 

38 6 

39 1 

38-0 

April 




441 

42 9 

41 9 

42 4 

May . 




52 6 

49-8 

50-6 

49 9 

June. 




54 7 

55’1 

54 2 

56-4 

July . 




55-4 

56 5 

53 9 

6G-6 

August 




56 7 

58 1 

53 7 

57*7 

September 




57-4 

56 8 

56 2 

56'2 

October . 




47-2 

51-2 

46-4 

50-6 

November 




40-6 

44 2 

39-9 

43-4 

December 



• 1 

30-2 

36'3 

29*7 

350 





1891 



January . 




32-8 

341 

321 

33-5 

February . 




39-9 

36 8 

37-6 

36*2 

March 




36 7 

37 9 

35-8 

37-4 

April 




40-7 

40 0 

39-2 

39-6 

May . 




47*4 

46 9 

46-5 

47-3 

June. 




56'5 

63-8 

54-5 

54-1 

July . 




671 

58-7 

58 -2 

69-2 


In order to make the observations as complete and interesting as 
possible, the monthly rainfall returns for each district are given in the 
following tables : — 
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Month 

Rainfall, at Piethorn 
Gauge 894 ft. above sea level 

Rainfall at Denshaw 
Gauge 1,012 ft above sea level 

Rain- 

fall 

Greatest fall in 
24 hours 

No. of 
days on 
which 
rain fell 

Rain- 

fall 

Greatest fall in 
24 hours 

No. of 
days on 
which 
rain fell 





1889 







Inches 

Date 

Inches 


Inches 

Date 

Inches 


June 


0-Gl 

2nd 

0*26 

5 

0-70 

2nd 

0-38 

5 

July 


3-92 

21st 

0-67 

17 

4-47 

21st 

0*83 

16 

August . 


6-55 

5th 

0-82 

23 

7-73 

5th 

1*18 

22 

September 


2-59 

26th 

0-70 

12 

3-16 

2Gth 

0*82 

13 

October . 


5Tj9 

7 th 

0 92 

24 

5-88 

7th 

0*98 

21 

November 


1*83 

24th 

0*46 

15 

2 37 

24th 

0*54 

16 

December 


316 

21st 

0 84 

18 

2 66 

21st 

0*65 

17 





1890 





January . 


r> (55 

2Gth 

1-68 

27 

4-80 

21st 

1*12 

27 

February 


0-73 

15th 

0-45 

9 

0 88 

16th 

0 56 

7 

March 


3-87 

23r(l 

0-46 

21 

3-72 

10th 

0*51 

21 

April 


1-35 

Gth 

0 31 

11 

1-58 

6th 

0*39 

9 

May 


3-30 

nth 

0 80 

13 

3-15 

nth 

0*72 

13 

June 


3-97 

30th 

0 70 

21 

4-01 

30th 

1*02 

21 

July 


3-34 

25tli 

0 38 

21 

3 25 

16th 

0*48 

20 

August , 


()()5 

1st 

0 78 

19 

6 07 

22nd 

0*82 

' 18 

September 


1*88 

oOth 

0 56 

16 

1-84 

30tli 

0*42 

13 

October . 


3 11 ! 

Gtli Sc 

0 10 

18 

3 11 

Gth 

0-43 

18 




I5th 







November 


5-70 * 

22u(l 

1 21 

23 

5-49 

22nd 

0*87 

22 

December 


! 

25th 

0-10 

8 

0-41 

4th & 

0*12 

6 


1 






23rd 







1891 





January . 


2-87 

23r<l 

0 82 

16 

3-22 

2:5r(l 

1 0 92 

16 

February 


0 30 

3r<l 

0 11 

() 

0-37 

3rd 

012 

7 

IMarch . 


1 47 

21tli 

0-29 

13 

1-72 

6th & 

0*26 

18 








21th 



April 


1-91 

29th 

0-44 

15 

1-99 

29th 

0-46 

13 

May 


3 28 

1st 

0 13 

19 

3-68 

1st 

0*49 

18 

June 


1 69 

1th 

0-72 

11 

1-96 

4th 

0*90 

8 

July 


3-32 

22nd 

0-7(5 

17 1 

3*50 

1 

22nd 

0*74 

14 


The I^'iTn and Deb (Dumfries), 

The Committee is indebted to the Rev. Wm. Andson, of Dumfries, 
for enthusiastic assistance in inaugurating observations at various points 
in the south-west of Scotland, and in summarising and discussing the 
results. The weekly means of the observations discussed below will be 
found as curves, No. V. for the Nith, No. VI. for the Dee, and No. VII. for 
Little Ross lighthouse. The monthly means in the accompanying dis- 
cussion are calculated from the daily observations. 

Discussion of Temperature Observations on the Nith and its Estuary ^ 
Ajpril 15, 1889, to April 15, 1890. By Rev. W. Andson. 

These observations were made under the auspices of the Dumfries 
and Galloway Natural History and Antiquarian Society. The observa- 
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tions afc Dumfries were taken tbrongkout the twelve months. Mr. Jas. 
Lewis took the observations of the estuary at Kingholm Quay, from June 
25 to March 21, and observations were begun at later dates in the Biver 
Dee by Rev. "VV. I. Gordon, of Tongland, and in the Dee estuary by Mr. 
Macdonald, lighthouse-keeper, Little Ross. These are not reported upon 
in the present discussion. The Nith observations were taken at the 
Dumfries boathouse, where there was an average depth of more than 3 
feet. In consequence of the damming of the water by the weir below the 
Old Bridge the river at this point never falls very low, the depth never 
being less than 2^ feet. On two occasions of heavy flood the parapet 
wall was overflowed — once in the beginning of November, when the 
depth was estimated to have been fully 10 feet, towards midnight on the 
1st; and again on January 25, after heavy rain and the melting of snow 
on the high grounds, with a south-west gale, when the depth of 9 feet was 
registered at the gauge on the Old Bridge. The hour of observation 
was at or near noon. The following table shows the mean temperature 
of tho air and water for each month separately, along witli the state of 
the river or the mean depth as registered at the gauge (which was 
erected in July), viz. : — 


Corrected Means for 

Air 

ll'iiter 

DirtV- 

lenre 

j State of Kiver 

April .... 

5l':5 

4oS 

0 0 

Average 

May .... 

GO 5 

oG G , 

3 !> 

Under aveiago 

June .... 

G5 8 

G3 0 , 

2 8 

Low— and verv low 

July .... 

G3 3 

GO 3 . 

;> 0 

V<'ry low till then abo\e crago 





Mean dcptli at gauge — 

August 

G2 3 

•u .> 

4 8 

5 0 feet 

September . 

5t» 7 

33 1 , 

G G 

4 G „ 

October 

G 

45 0 1 

4 G 

5 1 „ 

November . . . ! 

4.'G 

13 1 

2 .> 

' 5 2 !, 

December . . . | 

40 2 

38 2 

2 0 

[ 

January 

41 1 

40 :> 

3 [) 

1 (;•() „ 

February 

42 8 

38 1 

4 7 

4 8 „ 

March . . . j 

48 .> 1 

41 1 

7 1 

49 „ 

Means for w'holc year ! 

.■>2 8 

48.5 

- - : 

: 

1 

Meancxces-iof air tern- | 

4 3 




perature for year 



i 



From this table it will be seen that tho highest monthly mean tem- 
perature of the air for tho year was in June, when it was ()5‘''8 ; the 
mean temperature of the water for the .same montli being also the 
highest mean for the year. Tho lowest was in December, when that of 
the air wa.s 40°*2, and the water 38°'2 ; bat the mean temperature of 
February for the water was a fraction lower than this, viz., 38^1, while 
that of the air was 42° 8. 


The highest single reading' for tlie .lir was on July ai . . .70 

The lowest single reading for tlie air w’as Deccrabcr 1 . . .31 

Extreme range for air 45 

Highest single reading for water wu.s on .July 4 . . . . G6 G 

Lowest single reading for water was on February 13 , . . .32 

Extreme range for water 'i 4 -(J 
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TUe montlis in which the mean monthly temperature of the air and 
water most nearly approxi- 


i 


mated were : December, 
when the difference was 
only 2° (/.e., of air above 
water) ; November 2°* 5 ; 

June 2°*8 ; and July 3°. 

Those in which the differ- 
ence of temperature varied 
most were: March 7° ’4; 

September (>° G ; and April 
Mean difference for 
whole year 4° '3. Thus it 
will be seen that the months 
in which the temperatures 
of the air and water most 
nearly approximated were 
those in which the day 
was at the shortest and the 
longest. In other words, 
there were two maxima 
and two minima of differ- 
ence between the tempera- 
tures of the air and water, 
the former occundng in 
the months of [March and 
September, the equinoctial 
months ; and the latter in 
December and June, the 
months of the winter and 
summer solstice. The 
former fact is easily ex- 
plained, hut it is rather 
a, curious circumstance 
that the .same thing should 
hold good of the month in 
which the sun is longest 
above the horizon, and 
most nearly vertical. The 
explanation, I have no 
doubt, is that in the latter 
part of June and the first 
part of July, when there 
w'as a perioel of drongrht 
and warm 'weather, which 
lasted more than three 
weeks, the river fell to its 
lowest level, and the cur- 
rent was very sluggish. 

Hence tho water became 
more heated than in ordi- 
nary circumstances, and its 
temperature more nearly approached that of the air. 

1801. 



1 1 


4 ^ 

Though, as a rule, the temperature of the air was higher than that of 
the water, there were a good many exceptions to this rule, especially in 
the months of May, June, July, November, and December. Thus there 
were five days in May in which the water was warmer than the air, six 
in June, and four in July, with an aggregate excess in the temperature 
of the water of 37®. In November and December there were also fifteen 
days with an aggregate excess of 30®’4, the greatest number being in 
December, viz., ten days, while on other two days of that month the tem- 
perature of air and water was equal. The conditions under which this 
state of things was observed were, as a rule, in summer, when the air 
temperature was lowered by cloudy and wet, or dull and foggy weather, 
or by the prevalence of cold winds ; and, in winter, when the conditions 
were similar, or when frost set in. The most extreme difference was 
observed on July 7, when the reading of the air temperature was 53®, 
and that of the water 65° — a difference of 12°. This was at the close of 
the period of drought before alluded to. The greatest excess in the 
temperature of the air abore that of the water occurred in March, when 
on sixteen days it was higher by more than 7°, ranging from 7° to 14°'5 ; 
and the next in September, in which month there were thirteen days in 
which the difference exceeded 7°, ranging from 7° to 13°‘2. On these 
occasions the weather was for the most part bright and sunny, or, if 
cloudy or rainy, very mild, with south or south-west winds. 

The following table shows the mean monthly temperatures of the air 
and water of the estuary of the Nith at Kingholm Quay, where observa- 
tions were taken with great regularity by Mr. James Lewis, for a period 
of about nine months, from Juno 25, 3889, to March 21, 1890. Tho 
hours of observation necessarily varied, because the proper temperature 
of the estuary could be obtained only when the tide was up. For the 
most part they were taken between the hours of 9 a.m. and 4 p.m., though 
sometimes a little earlier and sometimes a little later. 


Means 


From 

Air 

W.ater 

Difference 

Jane 25 to July 31 | 

o 

()1 3 

o 

r>i-5 

o 

+ 0*2 

August 1 to 31 . . . . . i 

53 0 

GO 9 

-2 1 

September 1 to 30 i 

r>r> 2 

54-4 

- 1*8 

October 1 to 31 . . j 


458 

+ 0*3 

November 1 to 30 . . i 

45-8 

41T» 

-4*2 

December 1 to 11 ! 

i :i.s 3 

3(’)-8 

-1-.5 

January 1 to 31 . . . i 

i 4M 

39 5 


rebruaiy 1 to 28 

: 40*0 

37*4 

-26 

March 1 to 21 ... 

1 42*7 

40 4 

~2*3 

Means . .... 

1 47-7 

46*0 

-1*7 


From this table it will bo seen that for tho period from Juno 25 to 
July 31 the mean temperature of the estuary was a fraction of a degree' 
higher than that of the air, and the same thing occurred again in October. 
In all the other months it was lower, but not to tho same extent as in 
the case of the river temperature. Taking the whole period during 
which observations have been made, the mean temperature of the air 
was 47®'7, and of the water 46°, wving a mean difference of only 1°*7, 
instead of 4°'3, as in the case of the river. This result might have been 
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somewhat modified if the observations had been extended over the whole 
year instead of nine months, but not, I think, to any great extent, there 
oeing an obvrious reason why the temperature of the estuary should be 
higher than that of the river as compared with that of the air, viz., the 
fact that when the tide rises it passes over the extensive tracts of sand 
which in the Solway Firth are left bare by the receding tide, and in 
sunny days become heated by the sun. 

By the kindness of Mr. Beck and Mr. Lindsay, observations were 
made from August 8 to 19, and from September 13 to October 1, on 
Lochrutton loch, with the following results : — 



Means 



Air 

Water 

Difference 


o 

o 


From August 8 to 19 

.58-3 

bll 

+ 2-8 

From September 13 to October 1 . 

.54-3 

1 

55-2 

+ 0-9 


From this wo may probably infer that during at least the autumn 
and winter months, and possibly in summer also, the temperature of the 
loch is, as a rule, in excess of that of the air. ]^ut the observations are 
too limited in number to warrant any decided conclusion being founded 
upon them. 

Oheervations of Tomperaiure of Rivers Nitli (Dumfriesshire') and Dee 
(Kirkcudbright shire) for year 1890-91. 

The observations of the temperature of the Nith at Dumfries were 
begun on September 8, 1890, and continued to August 31, 1891. They 

(Xmvn VI. -Dee at Tongland, Kirkcudbrightshire. 12.30 p.m. 



were taken daily, with some exceptions, at or near noon. Those for the 
Dee were taken at Tongland by Rev. William I. Gordon, for the most 
part also daily, about 12.30 p.m. The following table shows the monthly 
means both for air and water during that period at each station : — 

1 I 2 
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Nith 

Deb 


Air 

Water 

- 

Air 

Water 




xaao 




September , 

o 

610 

o 

65-6 

rWind, W. and S.W. 

\ Rainfall, average. 

1 

f 

O 

63*1 

o 

59*4 

October 

62*2 

48 3 

/Mostly W., S.W., and N.W. 
f Rainfall, under average. 

} 

63*4 

49*5 

November 

44‘3 

42-3 

r Wind, S.E., S.W., and N.W. 

{ Rainfall, 8*23 inches. 

} 

47*7 

43*9 

December 

36 0 

36 5 

r Wind, N. and E. 

\ Very dry and cold. 

} 

39*6 

36*9 




1S»1 




Janii.iry 

390 

350 

/Wind, N.W. and S.W. 
h Ihiinfall, under average. 

) 

J 

41*2 

31*7 

February 

44 3 

40 0 

/Mostly W., S.W., and N.W. 

\ Rainfall, 0 23 inch — fine. 

) 

46*0 

41 1 

i 

March . . . | 

42-5 

39 0 

1 Mostly N., N.E., and N.W. 

\ Rainfall, under average. 

]! 

44-J 

40 2 

April 

47-8 

43*5 

( Mostly E. and N.E. 

\ Rainfall, under average. 

i 

j 

18*4 

41*7 

May 

52 0 

50 2 

/Mostly E., N.E , and N.W. 

\ Rainfall, nearly average. 

1 ' 
j 

56*2 

53*1 

June 

63 5 

60 1 

/Mostly N E ami S.W. 
t Rainfall, under average. 

1 

/ 

67*2 

61 3 

j 

July . 

G2'6 

61 5 

/Mo.stly S.W., N.W , and W. 
t Rainfall, half average 

J 

; 65 1 

04 2 

' August . 

59 2 ! 

1 

1 56*5 

1 

( Mo.stly S W. and N E. 

\ Rainfall, doul)le average 

i 

J 

61 0 

1 60 0 


Mea }ts fur Year. 



Nini 

1' 

1 


DhK 


Air 

Water 

Exees.s of Air 

Air 

1 

^Vater 

1 Excess of Air 

above Water [\ 

' above Water 

1 

o 

o ■ 

o i 

I 

o 

r o 

50*3 

47 4 

2-J 

62 9 

49*3 

1 ;tG 


In the autumn quarter (September, October, and November) the 
difference of temperature between the air and water was, for the Nith 
; D6e 4°‘5. Winter qnai*ter (December, January, and Febrnary), 
Nith 2‘^'5 ; Dee 4°'7. Spring quarter (March, April, and May), Nith 
8^-2; Dee 3°*b. Summer quarter (June, July, and August), Nith 2°*4 ; 
Dee 1®*6. Though as a rule the temperature of the air was higher than 
that of the water, there were many single days on which an opposite 
state of things occurred, and these were chiefly in the winter and summer 
quarters. In the month of December, for example, when dull and foggy 
weather prevailed, with cold northerly winds, or when severe frost was 
experienced, there were twelve days on which the temperature of the 
water was in excess of that of the air, the accnmnlatod excess amounting 
to over 40 ®, and ranging from 0®'3 to 6°*6. In the month of July again 
there were ten days which showed a similar result, the accumulated 
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excess amounting to 13°*6, and ranging from 0^-1 to 3°‘6. The maxima 
of difference were, as regards the Nith, in September and April — 
September 5°*4, April 4° *3. But in the case of the Dee they occurred 
in October 5° 9, and January 6°*5. The minima occurred, for Nith, in 
December, 0°'5 (water higher than air), and July 1°T (water lower) j 
for Dee, Jaly 0°‘9 (air higher than water), August 1°. 

The extreme range of temperature at Dumfries (hour of observation 
being about noon) was : air, highest on June 23, 75®-6 ; lowest on Decem- 
ber 13, 27°-7 ; range, 47°*9. Water, highest on June 22, C8° ; lowest on 
January 5, 33°T; range, 34°‘9. 


Curve VII. — Little Ross Lighthouse, Solway Firth. 10 a.m. 



Colonel Horsley, R.B., has taken a great interest in the observations 
on the Stour at Canterbury. His reports on the work done are followed 
by the monthly means calculated from the weekly means which are shown 
in Curve No. VIII. 

l!^ote8 on Tonperature of Air and Water on the Stour at Canterbury during 
1889, by Colonel W. H. Horsley, B.B., under the auspices of the East 
Kent Natural History Society^ December 1888-J/(i?/ 1889. 

With the view of giving effect to the intentions of the Committee, the 
Committee of the East Kent Natural History Society appointed a sub- 
committee to carry out the observations on river-temperature. They were 
fortunate in securing the willing services of an Associate of their Society, 
Mr. Henry Dean, of 35 St. Peter’s Street, Canterbury, by whom the 
observations now reported on were made. 

The observations commenced on December 13, 1888, and have been 
continued day by day to the present time (May 15), a period of five months. 

The river in which the observations are taken is the western branch 
of the Stouiv which flows through Canterbury and empties itself into the 
sea at Pegwell Bay, near Sandwich, about 15 miles distant. The depth 
of water is about 2 feet in the ordinary state of the river, increasing to 
3 feet or more when the river is in flood. The direction of the stream ia 
from south-west to north-east. The banks are low, and shaded with trees. 

In accordance with the directions received from the Secretary of the 
Committee, the observations were taken at 9 a.m. regularly day by d^, 
always at the same place, and within five minutes walk from Mr. H, 
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Dean’s house. Kemarks on * State of River and Weather ’ are entered 
in the observing book at the same time. The following are some of the 
results noticed. 

In December, as a general rule, the temperature of the water is higher 
than that of the air, but there are exceptions, on December 19 the 
temperature of air and water was nearly the same, viz., 43®, the wind at 
the time was W.S.W., and the weather clear and fine. It was the same 
on December 24. The greatest difference in the temperature of air and 
water was on the 25th, wlieii that of the air was 35°, and of the water 
44°-3. On January 1, 1889, the difference is more remarkable, viz., air 
30°*6, water 40°, and the same was the case on the day following, viz., air 
29°, water 38°*5, with the wind N.E. and weather fine. 

A sudden rise of temperature occurred on January 8, when that of the 
air was 39°*8, and of the water 38° *2, somewhat colder than the air, the 
wind S. and the weather fine. The same was the case the day following, 
viz., air 45°, water 41°‘5. 

As a rule the temperature of the water does not increase so rapidly as 
that of the air. On May 5, for instance, the air was 69° and the water 
57°‘2, the same on May 9, viz., air 62°, water 57°. 

In February, with snow on the ground, the temperature of the air 
varied from 25° 8 to 34°’8, and that of the water from 34°*6 to 39°'5, the 
wind at the time being E. to N.E. 

Speaking generally, it is observed that with the wind S. or S.W., and 
rain falling, the temperature of air and w^ater differs by only one or 
two degrees. 

Notes on Temperatures of Air and Water at Ganterhuni^ from May 1889 to 
December 1889. By Colonel W. H. Houslly, E.D. 

The previous set of notes refers to observations taken up to May 15, 
1889. In the same month the temperature of the air rose considerably, 
the highest being on the 29th, when it was 69°*8, while that of water was 
only 60°, the wind being S.W. and weather fine. Towards the end of 
May the temperature of air and water once more approximated. 

On June 2 there was a sudden and considerable rise in the air-tem- 
perature, but only a moderate rise in that of the water, the difference 
between them being 14°, with the wind as above ; this again showing 
that the water- temperature rises slower than that of the air. 

On June 10, with a N.N.E. gale blowing, the temperature of the air 
fell to 53°, while that of the water was 55° *2. As a general rule through- 
out this month the water- temperature was below that of the air. The 
last-mentioned is in fact the only instance to the contrary. 

On June 20 the thermometer in use was accidentally broken, and 
considerable delay ensued in procuring a new one of similar construction. 
An ordinary instrument was, in the interval, supplied to Mr. Dean, and 
with it the observations were taken and recorded until September 19. 
The readings of this instrument, and that supplied subsequently from 
Edinburgh, were found to agree very fairly, and the results of the obser- 
vations taken during the interval show, as might have been expected, 
that the air-temperature is above that of water throughout the summer 
months, June, July, and August. There was only one exception, viz., on 
August 23, when the air was one degree colder than the water, with the 
wind in the N.W. and weather fine. A similar exception to the general 
rule occurred on September 16, the air being 53° and the water 55°, with 
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the wind also in the N.W. Again on September 17, with the wind S.B. 
and weather fine, the air was one degree colder than the water. 

From September 20 to the end of December the new thermometer 
was in use, and it is observable that from that date to October 7 the 
temperature of air and water approximated very nearly, the water as a 
rule being the colder of the two. From October 9, however, there are 
several exceptions to this rule, notably on the 13th and 14th, when the 
water-temperature was 4° higher than that of the air, the latter having 
fallen suddenly some 6° in two days, and the water only 2® during the 
same interval. The same was the case on October 25, with the wind 
N’.N.W. and the weather fine. In November and December the fluctua- 
tions in the relative temperatures of air and water were frequent, but, 
speaking generally, the water-temperature was higher than that of the 
air — the greatest difference between them being on December 29, on which 
date the air registered 26°*5, and the water 40°-3, a difference of 13°’8. 
This is the coldest day recorded, with the wind S.W. and weather fine. 

In conclusion it should be mentioned that the prevailing direction of 
the wind in Canterbury and neighbourhood for the greater part of the 
year is from the S-W., veering to W. and N.W. In the spring of the year 
it is from the E., veering to B.N.E. and N.E. At such period the tem- 
perature of the air is invariably colder than that of the water, the 
atmosphere very dry, and plenty of dust flying about. At other seasons 
of the year when the wind is from the S. and S.W. the reverse is the 
case, the water is the colder of the two. The highest air-temperature 
recorded in these observations was on June 7, viz., 74°, while the water- 
temperature on the same date was 62°. 

Notes 071 the Temperature of Air aud Water as take7i at the River Stour, 
Gauterhury, during 1890. By Colonel W. H. Horsley, R.E, 

In the report for 1889 it was stated that in the months of November 
and December the fluctuations in the relative temperatures of air and 
water were frequent, but speaking generally, the water-temperature was 
higher than that of the air. The same remark applies to the observa- 
tions taken in January 1890, though there are some remarkable excep- 
tions, showing that the temperature of water is not influenced so quickly 
as that of the air. For instance, the temperature of the air, which had 
averaged 39° in the first five days of January, suddenly rose on the 6th 
to 51°‘3, while that of the water, which had been 44° on the 5th, only 
rose 1°‘6 on the Gth of the same month. The same was the case on 
January 12 — air 51°, water 48°, with wind S.W. and W. And again, 
on the 16th and 19th, air 50°’3, water 47°*5, on the last-mentioned date. 
Another remarkable instance is reported on January 25, viz., air-tem- 
perature 54°, and that of water 44°*5, difference 9°*5, that of air having 
risen suddenly from 37° on the 24th to 54° on the 25th, while that of 
the water had only risen 2°*5 in the same interval. The weather 
throughout January was unusually mild, the wind for the most part S.W. 
with occasional rain. 

In February the temperature of the water was, with one exception, 
higher than that of the air. The exception occurred on the 13th, the 
temperature of the air rising suddenly from 31° to 45°, while that of the 
water rose only 1°, viz., from 39° to 40°. 

In March there was a remarkably sudden fall in the temperature of 
the air, viz., from 29° on the 3rd to 14° on the 4th. The frost on that 
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oldest inhabitant,* and told hard on water-pipes and shrubs. On the 
same dates the temperature of the river Stour was 37° and 36°, a differ- 
ence of 1° only, while that of the air was 15°. The severe frost, it will 
be observed, did not last long, for on the following morning, the 5tb, the 
temperature of the air rose to 38°‘3, and that of water was 38°, or only 
2° higher than it was on the 4th. Further instances of the rapid rise in 
the air-temperature as compared with that of the water are observable 
in the observations taken on March 6, 7, and 8, and again on the 9th a 
rapid fall in the air occurred, and little or none in the water-temperature. 
Wind N.W. and weather fine. 

Observations were omitted in April, May, and June, as the observer 
was not furnished with a book to enter them in. 

In the month of July the temperature of the air usually exceeded 
that of the water, as it might bo expected it would. The highest air- 
temperature was 71° on the 17th, when the water was 62°, difference 9°. 
The lowest air- temperature was 55° on the 11th, and that of water on 
the same date 57°, difference 2°. Wind generally westerly, veering to 
N.W. and S.W., with occasional showers but generally fine. 

The same rule, as respects the relative temperatures of air and water, 
applies to the observations taken in August and September, the water 
being invariably colder, though not more than 6° or 7° difference, and 
often less, especially towards the end of each month. 

In October a change is observable, the water being frequently the 
warmer of the two, notably on the 22nd and 28th, when tho difference 
was 9° and 10° in favour of the water, with a cold easterly wind on the 
former date, and N.W. on the latter. 

A further instance of the sudden ri.se in the air-temperature, as com- 
pared with that of the water, is seen by comparing the observations taken 
on October 28 and 29, A warm S.W. wind caused tho air- temperature 
to rise 10°, while that of the water remained the same on both days. 

The same remarks are applicable to tho month of November, the 
water-temperature being usually the higher of the two. Tho exceptions 
occurred on the 13th, 15th, and 23rd. On each of those dates there was 
a sudden rise of air- temperature, and no corresponding rise in that of 
water. The wind S.W. and weather dull and wet. Tho lowest air- 
temperature in this month was on the 30th, viz., 22° ‘5, the water being 
38°, difference 15°-5. 

December 1890 was an unusually cold month, tho thermometer 
standing at or below freezing point for twenty out of thirty-one days. 
It opened with a temperature of ]7°'5 on the first, on which date the 
water was 37°, or 19°'5 warmer than the air. Tliis state of things did 
not last long, for on tlie 4th the temperature of the air was 4° ’5 higher 
than that of the water. As a rule, however, tho water-temperature was 
higher than that of the air throughout the month. The Stour being a 
running stream, the surface was not frozen even with the air-temperatur© 
at 18°. On the contrary, the water- temperature on these days, viz., 
13th and 14th, is recorded to have been 36° and 37°, that is, 18° and 19° 
warmer than the air. The wind for tho most part of the month was 
from the cold quarter, viz., E. and N.E. A fall of snow occurred on tho 
19th with the wind at E.S.E., and again on tho 27th. The weather 
throughout the month was dull and cold. 

It only remains to state that the observations referred to in this paper 
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were taken at the same place and time, and by the same person, Mr. 
Henry Dean, as those of the previous year. 



Monthly Mean Tewperntitre of Stour at Canierhiiry. 

Mouth i Year 1 Air IWuterj Weather and (Jcneral Direction of Wind 


December 

1 188H 

O 

97 8 

o 

42-8 

January . 

' IvSSl) 

9:> 1 

41-8 

February 

,, 

3or> 

39-7 

March . 

• > 

40 8 

42 8 

April 


470 

47 r> 

3Iay 


o(; 8 

53 3 

Juno 

>1 

04 3 

59 0 

July 


05-1 

01 2 

August 


02 9 

57'G 

Sejitembei 


07*9 

50 7 

October . 


49 7 

50- 1 

November 


44 1 

40 8 

December 


38 9 

42 0 

January , 

1 s!)0 

42-5 

411 

February 


36 7 

40 5 

March , 

— 

37*3 

40- 1 

July 

ISIU) 

00-9 

58-2 

August 

»» 

01-3 

57-9 

September 

,, 

00 3 

560 

October . 

J, 

50-8 

50-9 

November 

J, 

44-3 

45 9 

December 

J, 

28 6 

30 2 

January. 

1891 

32*9 

38 5 

February 

,, 

38-2 

41-9 

March . 

,, 

41 0 

42-9 

April 


46*1 

47*6 

May 


69*7 

63*7 

June 

j ” 

fil-2 

66*2 

July 


1 62 7 

58*4 


Changeable ; some fog. 
j E. and W. ; changoablc. 

I W. wind ; tine ; some snow and rain 
Changing wind ; line ; some rain. 
Changeable. 

S. and W. winds ; some rain. 
Changeable. 

S. and W. winds ; lino ; some rain. 
S.W. wind : some rain. 

S.W. and K.W. winds ; line. 

S.W. andN. winds. 

S. and W. winds : dull. 

S.W. wind ; fine : .some niin. 

S.W. wind ; fine ; some rain 
N. wind ; snow 
N. and W. wdnds ; dull. 


' W. winds ; fine ; some rain. 
Changeable. 

W. winds ; fine ; .some rain. 

W. winds ; some snow. 

E. winds ; dull fog ; snow. 
Changing winds ; snow. 

W. and E. winds ; lino ; some fog. 
W, and N. winds ; some rain. 

N. winds ; fine. 

Changeable. 

»» 

W. winds. 
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CUEVB Vllli. — Stour, Canterbury. 9 a.m. 



Observations taken by Mr. G. Paul, at Knaresborough. 


MontJihj Mean.9, 


Mouth 



Year 

Air 

Water 

— 


- 


o 

o 

March . 



1889 

41.3 

40-8 

April 



if 

40-3 

42 3 

May 


1 

61-3 

50*7 

June 


• 1 i» 

r)9‘o 

60*3 

July 



5sr> 

Gl-6 

August 


* I ” 

55-6 

6.)5 

Septembcj 


• ! 

.5:b9 

55 3 

October , 


' i ” 

48 3 

4GG 

Novembei 



11 -6 

1.3 5 

December 


! 1 

391 

37-5 

Jannarj' . 


. 

1890 

41 1 

,39 7 

February- 


( 

.37-9 

.38*7 

March 


’ i ;; 

45-5 

42-2 

April 


• 

4 80 

460 

May 


• ' 

o7 5 

50*6 

June 



009 

603 

July 



01 -0 

58'4 

August . 


• 

61 4 

' 67-7 

8epteml>er 



00-7 

56'5 

October . 



52 0 

1 49*7 

November 


I ? 

42-3 

41-7 

December 



1891 

32-4 

35*5 

January. 



34-3 

340 

February 


• » 

37-6 

37 3 

Siarch 


, 


410 

38*7 

April 



»» 

42'7 

41'9 

May 



7f 

511 

49-2 

June 



»» 

60-6 

67*6 

July 

. 

. 

>* 

1 620 

60-3 


Weather 

Kino; some sun. 

Ii'ino. 

Fine ; some rain and mist. 

Cloudy; rain 
Cloudy; some rain. 

Changeable; generally cloudy; some 
rain. 

Overcast; rain. 

Overcast ; mist ; rain. 

Cloudy ; some rain and snow. 

Rain ; snow ; a few clear days. 

Some hail, rain, and snow ; cloudy. 
Overcast; cold. 

Fine ; cold. 

Fine ; some snow. 

Some rain ; cold. 

Fine ; cloudy ; some rain. 

Fine; some rain. 

Fine ; a little rain. 

Fine, 

Fine; a little rain. 

Cold ; fog ; some rain and snow. 

Cold ; some fog and rain. 

Cold ; snow ; rain. 

Fine ; some fog. 

Fine ; some snow. 

Mostly line ; some rain and snow. 
Fine. 

Fine. 

Fine. 
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The weekly means from which the above table is calculated are given 
in Curve No. IX. Mr. PauFs observations are remarkably regular and 



consistently careful. He has reinforced them with some interesting 
observations on the exceptionally severe winter of 1890-91, whion 
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contain some apparently new observations on the protective character of 
a sheet of ice against the cooling of water by radiation. The rapid fall 
of temperature following a thaw is analogous to the effect observed on 
earth thermometers not far from the surface in like conditions. 

Notes on the Biver Temperatures for the Winter 1890-91 in the Nidd. 

By Mr. G. Paul, Knaresborough. 

Some very interesting effects were observed during the long period 
of intense cold. The river was frozen over, but the water under the ice 
remained at the constant temperature of 34° *0 from December 20 to 
January 2 inclusive. It fell to 33° on thawing on January 3. On 
January 6 a second period of ice on the water commenced, and during it 
the temperature under the ice remained at 33° 0. Not until the next 
thaw set in and a third frozen period commenced on February 27, did the 
temperature of the water under the ice fall to 32°'0. 

Compared with this the record of earth- temperature at the depth of 

1 foot acquires a special interest. An ice-cap was formed on the ground 
on December 21 and remained until January 21. During this entire 
month the temperature at the depth of 1 foot scarcely varied. On 
December 20, before the severe cold set in, the temperature at that depth 
was 37°*4, on the 21st it fell to 3G°*5, next day to 36°'4, and until 
January 4 its range was only between 3C°*4 and 3G° 3. From January 

2 to 17 the temperature at 1 foot was 36°*3 or 3G°*2 ; on the 18th it fell 
to36°*0, and on that day the grass thermometer registered only 3°*8, the 
minimum temperature of the winter. On January 20 the 1-foot earth 
thermometer registered 3G°‘4, but on the 21st it fell to 3^°'5, coincident 
with a rise of air- temperature and a general thaw. Next day the tem- 
perature at 1 foot had risen to 36°’2, and did not again fall below this 
value. 

The rest of the observations are given in the form of tabulated 
monthly means and of curves expre.ssing the weekly means. Had time 
and other circumstances permitted, many or all of these sets of observations 
would have been fully discussed, but the mere record suggests many 
interesting relations as to the period of maximum and minimum tem- 
perature, the manner in which water-temperature follows air-temperature, 
and the effect of situation in latitude and altitude on the rate and amount 
of monthly change. 


Bristol Channel and Taff. 

The Cardiff Naturalists* Society arranged for three sets of observa- 
tions from February 1889 to July 1891. One was taken by Mr. Petti- 
grew in the Cardiff Castle Gardens on the Dock Feeder, a large stream 
diverted from the Taff. This set of observations (Curve XII.) shows 
the water-temperature to be always higher than that of the air. This 
is the only case in which this relation, so clearly shown in the Cherwell 
observations, was distinctly seen in another river. 

The Breaksea Lightship is anchored in the Bristol Channel about the 
centre, south of Barry Island. Observations were made on it daily at 
9 A.M. by Mr. J. Walters and Mr. J. R. Johnson. The record (Curve X.) 
shows that while the temperature is rising, from February to July, the 
water is colder than the air; but v/hen the temperature is falling, from 



ON IHS SBASONAL YAjEtlATlONi^ 07 T£tfpisRAT0jRB. 49^3 

July or August to February, the water remains warmer than the air. 
This relation holds good for almost all observations made on the sea or 
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I I The English and Welsh Grounds Lightship is anchored nearly Jn mid- 
channel off Kewport, the depth being 5^ fathoms at low water, and 12 
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at high watei^. Observations were taken by Mr. J. Pain and 
3dr. J. Bartlett. They show (see Carve XI.) the same general features 
as those at Breaksea, but the seasonal interchange of position in the air 
and water curves is not quite so clearly marked. The tidal effects must 
be important, judging from the result of calculations on observations 
made at the Scottish lightships ; but it was impossible to carry out the 
laborious reductions in time for this report. These three sets of obser- 
vations were taken with great care and regularity. 


Monthly Means of Temperature Observations. 


Month 

Year 

Breaksea Lightship 

English and Welsh 
Grounds Lightship 

Tart‘, Cardiff Castle 
Gardens 



Air 

Water 

Air 

Water 

Air 

Water 

February . 

1889 

O 

o 

o 

.39-9 

39'-9 


o 

March 

ti 

41-6 

41-7 

38-5 

10- 1 

39 9 

42-2 

April 


46 1 

46-1 

46-9 

46-0 

46 6 

48-0 

May . 


52-7 

50-3 

54 9 

60 6 

54 7 

56-2 

June 


58-0 

57-0 

.69-3 

57 8 

69-0 

52-4 

July . 


GO-6 

62 3 

62-5 

63-6 

59 9 

63-4 

August 


60-8 

62-7 

61-6 

62-8 

59-t5 

60-7 

September 


66 o 

61-3 

57-7 

60-7 

56-1 

58-4 

October . 


51-3 

66-6 

51 7 

54-0 

49-0 

60-4 

November 


48 7 

50-9 

48-3 

49-6 

44 6 

47-9 

December 


45‘o 

45-6 

41-4 

43-4 

39 4 

42-3 

JanutiTv . 

1890 

441 

43 7 

43-2 

42 3 

41-8 

43-8 

February . 


40-4 

42-9 

39 5 

42-2 

37 6 

419 

March 

1 

43 2 

42-5 

45 2 

40 9 

42-6 

44-7 

April 


45‘5 

46-1 

49 6 

46*3 

44-6 

48-8 

May . 


63-4 

61-6 

— 

— 

63-9 

65 8 

June 


68-1 

57-6 

60-5 

57-7 

67-4 

1 59-8 

July . 


60-0 

60 4 

61-2 

61-3 

59 3 

; 60-6 

August 

>9 

61-2 

62-9 

62-4 

62-6 

50-6 1 

1 60-6 

September 

ff 

60-1 

61-8 

61-9 

Cl-6 

68 2 ! 

I 69-6 

October . 


j 550 

57-1 1 

66 6 

68-7 

50-9 

62-9 

November 


i 48-1 ; 

I 62-0 1 

47-9 

49-2 

43-8 

; 47-1 

December 

99 

i 36-3 

; 43-7 

36-5 

41-9 

31-7 

i 38-4 

January . 

1891 

[ 36-0 

37-1 ! 

35 1 

35-6 

32-9 

; 38-6 

February . 

99 

.396 ^ 

.38-8 

41-9 

38 7 

36-7 

43-2 

March 

99 

40-8 

40-4 

39 9 

40-6 

39 9 

1 42-2 

April 

99 

44-2 

42-5 

46-4 

42-9 1 

43-9 

1 47-1 

May . 

9» 

49-6 

49-0 

60-9 

49-3 1 

50-7 

52-5 

June 


68-4 

55-5 

59-2 

65-0 

59-3 

61-4 

July . 

J 

61 4 

61-0 

62-6 

62-1 1 

60 3 

I 61-2 

1 


Severn. 

Observations were made on the Severn at Stourport by Mr. Edward 
Collens from March 1889 to May 1890. The observations were made 
daily at 10 a.m. at a point on the east bank of the Severn, about 100 
yards above the entrance of the Stour. A minimum depth of water is 
retained in the river by a weir about a mile below the point of observa- 
tion. At Stourport the Severn is rather less than 50 feet above sea level, 
and it is 76 miles from Chepstow, where the river may be supposed to 
meet the sea. The observations (Curve XIII.) show that the tempera- 
ture of the water was almost always below that of the air, taking weekly 
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means of both, althongh occasionally they approach very closely. This 
greater cold of the water was observable in nearly all the rivers on which 
observations were taken, and on some was more marked than in the case 
of the Severn. The river.temperature followed the air-temperature closely 
at all seasons. 


Monthly Means of Temperature Observations on the Severn at StourporL 


Month 

Year 

Air 

i VV'ater 

1 

Weather and General Direction of Wind 

March . 

1880 

o 

48-0 

1 O 

47 0 

W.wind; stormy. 

April 


47-1 

; 45 0 

N. wind ; wet ; dull 

May 


50 7 

5o’5 

S. winds; thunder-storms. 

June 


68‘5 

I 63 7 

S. and E. wind.s ; line. 

July 

It 

<16 0 

* 64- 1 

Changing winds ; fine ; cloudy. 

August . 


G1 7 

i 61 1 

W. winds; fine; mists 

September . 


50 8 

58 7 

N., S., and W. winds ; line ; some rain. 

October . . . 1 


50- 1 

1 4K-6 

Changing winds; overcast. 

November 


46:1 

1 4.“) 6- 

W., S , and E. winds ; line ; some frost. 

Decemheu’ 


00 5 

1 30-6 

S. winds ; dull : some frost and snow. 

January . . ' 

ISOO 

42 4 

no 

S. winds; fine; some jain. 

Fe^ 'jary 


08 0 

' 30 0 

N and E. winds; dull, stormy; .snow. 

Marc. 

” i 

47 1 

. 4.30 

N. and W. winds ; changeable : slight 

frosts. 

1 April 


40 2 

47 0 1 

Clianging winds ; damp. 

; May 


57 1 

.58 2 

E winds; tine, oveieast 


CURVn XUI. -Severn, StourpoiL A M 
Jir — [{'V/r 


C i; liv M X I \^ - Lug*?, Aymestry. 
1) ur 10 A M. 



Observations on the Lugg were made by Mr. A. Ward from April to 
September 1889, at Aymestry, in the north of Herefordshire. The 
temperature of the water was always considerably below that of the air, 
but the period of observation was too short to bring out any important 
relations (see Curve XIV.). 
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Monthly Means of Temperature Observations on the Lngg at Aymestry. 


Month 

1 Year 

Air 

Water 

Weather 

April 

. 1889 

47-5 

46*0 

W. winds ; some rain. 

May 

• 

54-7 

50*5 

S. and N. winds ; storms. 

J une 


Cl-5 

64*9 

N.E. wind; haze. 

July 

u 

60-4 

5.5*6 

W. winds ; fine ; some rain. 

August . 

. ' „ 1 

57*0 1 

54*7 

S. and W. winds ; some rain. 

September 


65*2 

62*0 

N.W. winds ; fine. 


Kennet. 

Observations on the Kennet at Marlborough were made by Mr. W. B. 
Maurice and Mr. H. G. Maurice, acting for the Marlborough College 
Natural History Society. The stream at the point of observation was 
about G or 7 feet deep and about 24 feet in breadth, about 10 milea 
from its source, and nearly 40 miles from its junction with the Thames. 
The depth of water varied considerably on account of a weir about 
quarter of mile down stream erected to supply a mill, and when the mill 
was not at work the level was allowed to fall very low. 

The observations, shown in Curve XV., are remarkable in showing a 
very much less range of temperature in water than air. While the 
weekly means of air-temperature rancred from 30° to 70°, those of water- 
temperature were confined between 40° and 55°. The river was always 
cooler than the air in summer and warmer than the air in winter, being 
at the same temperature in April and October. The record is unfortu- 
nately somewhat irregular, but the main facts of annual change of tem- 
perature are sutliciently outlined by it. 


Monthly Meayis nf Temperature Observations on the Kennet at Marlborough, 


Month 

Year 

Air 

Water 

We.athcr | 

December 

1888 

o 

H7*8 

o 

44*5 

Changing winds ; frost ; fog. 

January. 

1889 

36 6 

42*2 

W. winds ; snow ; frost. 

Pebniary 


37*4 

41*8 

W. and E. winds ; snow. 

March , 


43 3 

44*5 

W. winds; rain. 

April 


46*1 

47*4 

W. and E. winds ; rain ; overcast. 

May 


68*4 

61*3 

Changing winds; some fog, lam and 
thunder. 

June 


63*3 

543 

Changing winds ; bright. 

July 


f»30 

54*2 

W. and E. winds; rain. 

August . 


61*5 

62 8 

W. winds ; rain. 

September 


57*6 

61*7 

W. winds ; some frost and rain. 

October . 


48*1 

48*3 

W. and E, winds; rain. 

November . j 


45*4 

47*0 

„ „ frost. 

December . . j 

1890 

38*7 

43*5 

E. 'winds ; frost ; fog. 

January . . . i 

41*2 

44*1 

W. winds ; rain. 

February . . | 


35*4 

42*3 

E. winds ; fog ; rain ; frost. 

March . 


46*0 

449 

N. and W. winds. 

April . 


47*6 1 

47*3 

E. winds ; cloudy ; rain. 

May 


— 

— 

June 


— ' 

— 


July 

If 

63*6 

66*6 

E. and W. winds ; cloudy. 


I ” I I - - I - 

1891, K K 
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Curve X7.— Kennet, Marlborough. 9 a.m. 
Al^ _ 



Observations were made from January 1889 to January 1800, and 
from September 1890 to July 1891, by Mr. Frank E. Lott, acting for the 
Burton-on-Trent Natural History Society. The temperature was ob- 
served on the right bank of the main stream, immediately below Burton 
Bridge, and the depth by a flood gauge on the other branch of the river 
■was read at the same time, u.sually about 9.30 a.m. 

Curve XVk -Trent, Burton. 9..3() a.m. 



The Curves XVIa. and XV lb show that water- and air- temperature 
kept very close together, and bad almost an equal range, in complete 
contrast to the Kennet. On the whole, the air was warmer while the 
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temperature was rising for the season, and the water remained warmer 
when the temperature was falling for the season. This effect was not, 
Jiowover, nearly so pronounced as in the reservoirs and the sea or estuary 
observations. 

CUBVE XVIZ>,— Trent, Burton. 9.30 A.M. 



Monthly Moans of Temperature Observations on the Trent at 
lhirtan-o)i~Treut. 


Month 

Year 

Air 

Water 

Weather and General Direction of Wind 

Jaiuuu}' 

US S’) 

o'” 

10 1 

iU°0 

Cliangeable winds ; cloudy ; flood gauge,’ 

12 ft. 7 in. 

February 

,, 

37-1 

36-8 

W. winds ; overcast ; flood gauge 42 ft. 9 in. 

Marcli . 

” 

417 

40 u 

E. and N. winds ; tine ; dull ; flood gauge. ' 
43 ft. G in. 

April . 

,, 

10-5 

iM : 

N. winds; dull; flood gauaro, 43 ft. Gin. 

May 


57 '9 

551 

N. and E. winds ; some fog and rain ; fine ; 
flood gauge, 43 ft. 1 in. 

June . 


63-8 

62*5 

Changing winds; line; some rain; flood 
gauge, 42 ft. 1 in. 

July . 


(UG 

G3-3 

N., S., and W. winds ; fine ; dull ; some thun- 
der ; flood gauge, 41 ft. 11 in. > 

August 

ft 

GO'4 

59-6 

W. winds ; fine ; some fog ; flood gauge, 42 ft. 

1 in. 1 

September . 


57-7 

57-7 

N. winds ; cloudy ; flood gauge, 42 ft. 2 in, j 

October 

’* 

48-1 

47-7 

S. and N.E. winds ; dull ; fog ; flood gauge, : 
42 ft. 6 in. 1 

November . 

ff 

418 

41-3 

Changing winds ; dull ; fog ; flood gauge, j 
42 ft. 3 in. j 

December . 

If 

360 

37-3 

S.W. winds ; fog ; some snow ; flooil gauge, 

43 ft. 2 in. 1 

January 

1890 

45-5 

43D 

S.W. winds ; changeable ,* flood gauge, 42 ft. 

-- 

1 — ! 

— 

— 

— 

September . 

i 

62G 

59*7 

S.W. and N.W. winds; dull; frequent fog; 
flood gauge, 41 ft. 8 in 


1 

Flood gauge 

average height 41 ft. 10 in. 


X K 
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Monthly Means op Temperatttbb OBS^nvATionts— continued. 


Month 

Year 

Air 

Water 

Weather and General Direction of Wind 

October 

1890 

0 

60*8 

51 4 

S.W. mainly ; dull ; flood gauge, river too 
low to read. 

November . 


41*6 

42-9 

S.W. in beginning, N.N.E. winds end of 
month ; dull ; flood gauge, 43 ft. 7. in. 

December . 


311 

346 

E. and N.E. winds ; fog ; snow ; river frozen 
latter half; flood gauge, 41 ft. 10 in. 

January . 1 

1891 

32 2 

i 

331 

N. winds ; fine ; river frozen first half ; S.W. 
winds later ; flood gauge, 42 ft. 6 in. 

February . 

>t 

35-3 

38-8 

N. and N.E. winds ; dull ; flood gauge, 42 ft. 

4 in. 

March . 


40-4 j 

.39-7 

N. winds; fine ; flood gauge, 41 ft. 11 in. 

April . . i 


43-4 I 

42*9 

N E. winds ; fine ; flood gauge, 42 ft. 3 in. 

May . . ! 


62 1 ! 

1 511 

N.W. winds ; fine; flood gauge, 42 ft. 4 in. 

June . 

[ ” 

60 7 1 

1 69 8 

i S.W. wind ; dull ; flocxl gauge, 42 ft. 

N.W. wind ; flood gauge, 42 ft. 1 in. 

July . 


G3'8 I 

i 62*6 


Dote. 

Observations were made from March to November 1889 by Mr. H. H. 

Brindley at a point on the right 


Curve XVIL — Dove, Uttoxetcr. 9 or 10 a.; 


Jir il''a£er^ 



bank of the Dove 1.^ miles east 
ofUttoxeter and about 14 miles 
from the junction of the river 
with the Trent. At the place ot 
observation the river runs through 
a flat meadow, and the banks aro 
low, blit an adjacent railway em- 
bankment shelters it from south- 
erly and south-westerly winds. 
The stream is liable to sudden 
floods, but rapidly regains its 
normal size. Curve XVlI. repro- 
duces the weekly means, and, as 
far as its fragmentary nature 
allows one to judge, it appears to 
closely resemble that for the 
Trent. 


Monthly Means of Temperature Observations on the Dove near Uttozeter. 


Month 

Year 

Air 

Water 

Weather 

March . 

April 

May 

June . • . 

July 

August . 

September 

October . 

November 

1889 

ff 

»» 

f9 

II 

If 

If 

If 

If 

47^3 

44-7 

65G 

GO'3 

66-5 

69 8 

64-8 i 

47*6 

43-8 

o 

42-7 

44-6 

630 

67-9 

62’6 

67-3 

50-7 

47'7 

46-3 

Changeable. 

N. and E. winds; hail; rain; thunder. 
E. winds ; fair. 

E. winds, 

K. and S.W. winds ; some rain. 

W. winds ; rain. 

W. winds. 

Changeable ; rain. 

Calm ; misty ; rain and snow. 
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WiTHAM. 

Mr. Henry Preston carried on a set of observations from April 1889 



to July 1891 for tbe Grantham Scientific Society at tho Saltersford 
Pumping Station of tho Grantham Waterworks. 
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The result of this set of observations is shown in Curve XVIII., which 
is a particularly valuable one on account of its length and regularity. The 
range of water-temperature is markedly less than that of air- temperature, 
although not to such a striking degree as in the case of the Kennet. The 
interesting feature of this curve is, however, that at all temperatures above 
the annual mean for water and air the water remains cooler and there is 
only a scarcely appreciable appimch of the two curves at the seasonal 
fall of temperature, compared with their position during the seasonal 
rise. 


Monthly Means of Temperature Observations on the Witham at 
Saltersfordy Gra7ifham. 


Mouth i Year 

Air 

Water 

Weather and General Direction of Wind 

April . . . 188i) 

o 

45-8 

o 

46-5 

Changeable. 

May . . . „ 

oO 0 

52 0 

S. winds ; fog ; rain. 

June . . . 

blO 

64 0 

N. winds ; fine ; cloudy. 

July . . . „ 

68 0 

66 1 

N. and S. winds ; overcast 

August . . . „ 

61-6 

.550 

8. and W. winds ; some ram. 

September , . „ 

68 0 

54 ‘8 

Changing winds ; line 

October . . . „ 

48-2 

47 0 

S. winds ; fog ; dull 

November . „ 

44-5 

44 0 

S. and W. wiiuls ; some .snow. 

December . . ,♦ 

.S7-8 

80 7 

Changing winds ; dull 

January. . . 

80 7 

416 

8. winds ; line. 

February . „ 

80-2 

41 8 

N, and K. winds ; sonic snow and lain 

March . . . „ 

446 

1,3-4 

W. winds; dull. 

April . . „ 

47-4 

46 3 

Changing winds ; fine. 

May . , . „ 

55 4 

52 9 

>> ♦» )» 

June . . „ 

57 '6 

,56 8 

W. winds ; dull. 

July . . . „ 

' 60 6 

' .58 0 

W. winds ; some rain. 

August . . . „ 

1 61 4 

1 55 0 

W. winds. 

September . „ 

61 4 

i 67 7 

S. and W. winds. 

October . . . 

52-0 

! 48 8 

W. winds ; some fog. 

November . . „ 

42 2 

: 42-4 

Changing winds 

December . . „ 

20*7 

35 0 ' 

» »> 

January. . 1801 

.84 7 

,35-2 

N. and S. winds. 

February . . „ 

37 7 

! 40- 1 

8. winds ; some fog. 

March . . „ 

i 41-4 

41 2 

N. and W. winds. 

April . . . ’ „ 

44-8 

43-8 

Changing winds. 

May . . . „ 

51 .3 

50 0 


June . . . „ 

60-2 

5.5 8 1 

N. and E. winds. 

July . . • M 

G8'5 

57-8 

W, winds. 


Northampton Reservoir. 

Mr. G. S. Eunson made observations for the Northampton Natural 
History Society from January 1889 to March 1890 on a small reservoir 
supplying water to Northampton. The reservoir stands JGO feet above 
sea level on a stream near Gnils borough, eight miles N.N.E. of Northampton, 
close to one of the sources of the river Nene. The observations made 
are shown in Curve XTX., the chief features of which resemble those of 
the Grantham curve, although they are not so pronounced. 
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Small Reservoir. Northampton,. G. S. Eunson, Observer. 


Month 

Year 

Air 

Water 

Month 

Year 

Air 

Water 

January 

1889 

o 

:i7-l 

o 

; :48-7 ' 

September . 

1889 

r)rr5 

o 

54 9 

February 



j 87 4 

October 

,, 

48 2 

47-1 

March . 

>> 

41-2 

1 40-6 

November . 


44 1 

44*9 

April . . . 1 


i 45*1 

j 43-0 j 

December . 

,, 

37-4 

39 (1 

May . 

»> 1 

I 55-0 

: 52 0 

January 

1890 

I 41-0 

40*9 

June . . 1 

11 1 

(Jl-4 

.50-0 1 

February . 


I 37-0 

39-G 

July . . 1 

- ! 


■68 8 1 

M.'irch 

„ 

; 40’G 

40 2 

August 

L" J 

1 

■ 5G8 



i 




Curve XTX. — Reservoir, Northampton. 9 A.M. 


A xr WateT' , 



The record extends from August 1888 to July 1891 and is of unbroken 
regularity. Observations 'were made daily at noon from August to 
November 1888 and thereafter at 9 A.M,, by Mr. G. Taylor at a point in 
the grounds of Inyeraray Castle about one mile from the entrance of the 
Aray into Loch Fyne. At the place of observation the river is to a slight 
extent shaded by trees, but it is a typical Highland stream flowing rapidly 
from a bare moorland glen and subject to frequent and rapid floods. The 
Curve No. XX. (see Plate) shows that, as in other rapid rivers, the 
water is always of lower temperature than the air, and as the winters on 
the west coast are not severe and the water rarely falls to freezing point, 
this relation holds good for the weekly means all the year round. Sudden 
falls of temperature are common in summer after heavy rain on the sur- 
rounding hills, and sudden rises of temperature, although not to such 
a pronounced degree, frequently follow a heavy shower in winter. 
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Monthly Means of Temjoerature Observations on the Aray at Inveraray, 


Month 

Year 

Air 

Water 

Weather 

August . 

1888 

o 

Gl-8 

66*6 



September 

>> 

67-9 

63-4 

— 

October . 

„ 

62-1 

46*6 

— 

November 


47-8 

44*3 

— 

December 


42-7 

41*2 

— 

January . 

1889 

394 

38*0 

— 

February 

„ 

39 5 

37*9 

— 

March . 


41*5 

38*2 

— 

April 

f9 

47-4 

43*0 

— 

May 


58-4 

62*7 

— 

June 


62 9 

59*3 

— 

July . . , 


611 

67*5 

— 

August . 

>» 

60-7 

56*9 

— 

September 


550 

62*6 

— 

October . 


47-5 

45*1 

— 

November 


43-9 

42*6 

Snow; rain. 

December 


42-6 

41*2 

11 »i 

January. 

1890 

40-2 

38 7 

„ „ thunder. 

February 


37-6 

36*9 

Bright ; some «iow and rain. 

March 


42-9 

30*7 

Snow and rain. 

April 


47'0 

43*1 

Bright. 

May 

It 

58*9 

62*9 

Bright j some rain. 

June 

>1 

62*6 

60*2 

Rain. 

July 

i» 

62*2 

59*9 

Show'ery to dry and bright. 

August . 

II 

59*5 

65*7 

Rain. 

September 

II 

65 2 

1 52*6 

Changeable. 

October . 

II 

45*8 

44*4 

Some rain, hail, and thunder. 

November 


42 9 

42*4 

Snow ; rain. 

December 


37 8 

36*8 

Much rain and some snow. 

January . 

1891 

37 3 

35*7 

Show'ery, with many dry days. 

February 


41 4 

40*1 

Dry on the whole ; showers of rain 
and sleet, 

March . 

„ 

40* 1 

37*4 

Showery, with frequent sleet showers. 

April 

„ 

45 0 

40*5 

Dry and bright on the whole. 

May 


63 3 

493 

— 

June 


63 5 

60*2 

— 

July 


60-6 

68*9 

— 


Thueso. 

Curves XXL and XXII. give the weekly means of observations made 
by Mr. David Gunn at Thurso, Caithness, near the mouth of the river, 
and by Mr. John Gnnn and Mr. J. B. Johnstone on the same river at 
Dale about nine miles farther up stream. The detailed observations were 
made the subject of a communication by Mr. John Gunn to the Scottish 
Meteorological Society, and they are published in the Journal of that 
Society for 1888. At both stations the temperature of the water is under 
that of the air for the whole year, even at a time when the river was 
partially or completely frozen for several weeks. This apparent anomaly, 
seen also in other curves, is probably due to taking the forenoon or 10 A.M. 
observations of air-temperature as the basis of the curve, while the 
minimum night temperature is really the chief factor in determining the 
chilling and freezing of the water. 
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Curve XXI. — Thurso at Thurso. 10 to 10.30 A.M. 




Almond, 

From January 1888 to July 1891, with a few unavoidable interrup- 
tions, Mr. J. Paterson, Almondbank, Perthshire, observed the temperature 
of the Almond at a point about one and a half mile above the junction 
of that river with the Tay. The weekly means are given in Curve XXIII, 
(see Plate), from which it appears that, except in some winter minima, 
the temperature of the water is always lower than that of the air, 
although the two come closer together when the seasonal temperature is 
falling than when it is rising. A noticeable feature in this curve is its 
very irregular form, and the fact that the fall and rise of temperature 
from one week to another is often greater for the water than for the air. 
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This is probably to be accounted for by the chilling effect of rain or 
snow-fall on the mountain streams which feed the Almond and bring it 
down in frequent and heavy floods. 


Monthly Mea^is of Temperature Observations on the Almond at Almondhank, 

Perthshire. 


Month 

Year 

Air 

Water 

AVeather 

January 

1888 

o 

30-4 

o 

36-7 

N wind; mostly calm ; some frost. 

February 


35 8 

34-4 

AV. and E. winds ; mostly calm. 

March . 


35-7 

34-7 

Stormy. 

April 

>» 

45-6 

37*3 

N. winds. 

May 


— 

— 


June 


60-5 

59*4 

E. winds; mostly calm. 

July 


55*3 

53-9 

S.AV winds ; mostly calm. 

August . 


55‘4 

52* 1 

W. winds. 

September 

>» 

521 

50*2 

W. winds. 

October 


46-3 

43-6 

Calm ; rain. 

KovemOer 


42*4 

40 9 

E. and AV winds ; some rain 

December 


37-4 

38*5 

Calm ; rain. 

January . 

1880 

35-5 

35 8 

Calm ; frost. 

February 


33*5 

33 3 

Calm ; snow and rain. 

March . 


30*7 

37*2 

AV. and E. w*inds ; mo.stly calm. 

April 

,, 

44 2 

39 8 

„ „ 

May 


51-3 

49 2 

Changing winds ; rain ; mostly calm 

June 


58 0 

57 8 

Calm. 

July 


58 9 

58 2 

E. winds 

August . 


57 t> 

65*1 

Calm ; rain ; fog. 

September 

9f 

— 

— 


October . 


44-4 

43 2 

W. winds ; dull ; fog. 

November 


41-6 

40 3 

,, mostly calm. 

December 


87-4 

36-4 

S. and AA' winds or calm. 

January 

1800 

39- 1 

37*7 

AV’’. winds or calm. 

March . 


43 6 

I 39*5 

— . 

April 


45-3 

i 41 9 


May 


53 4 

i 50*9 

— 

June 


58-2 

55*0 

— 

July 


58 7 

55*1 

— 

August , 


— 

— 

— 

September 


— 

1 — 

— 

October . 


50 7 

46*0 

— 

November 

ft 

39-2 

40*3 

— 

December 


34 8 

i 35*6 

— 

January 

1801 

33- 1 

33*8 

— 

February 


390 

37*7 

— 

Alarch . 


38 5 

30*1 

— 

April 

9f 

43 0 

30 3 

— 

May 

$9 

48 5 

45*4 

— 

June 

1 59 2 

57*7 

— 

July 

M i 01 8 

60 1 

1 

— 


Earn. 

Observations on tbe Earn were made by Mr. John Ellis from January 
to June 1888 at Bridge of Earn, about three miles above the junction of 
the river with the Tay. The record given by weekly means in Cq e 
XXIY. is too short to admit of discussion. 
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Monthly Means of Temperature Observations on the Earn at Bridge 
of Earn. 


Month 

Year 

Air 

Water 

Weather 

January .... 

1888 

39-2 

o 

39-2 

Changeable. 

February .... 


32*3 

35-7 

N.W. and E. winds. 

March .... 


36 0 

.37-1 

N. winds ; snow. 

April .... 


440 1 

42-8 

N. wind.s. 

May 


53 0 

49 9 

S.W. and E. winds. 

June 


48-6 

48-5 

E. winds. 


Curve XXIV.— Earn at Lridge of Earn. Curve XXV.— Tay at Perth. 

8.45 A.M. 8 to 10 A.M. 

Air \v auuer 



Observations on tho Tay at Perth were made at different hours 
in tho forenoon and afternoon by Mr. W. Wilson (see Curve XXY.), 
Mr. R. Dow, and Mr. Mechie for a few months in 18^8. The morning- 
observations are most interesting to compare with other rivers, and they 
alone are given. The record is too short to admit of any attempt at 
discussion. The same observers made a series of observations in 1887 
and 1888, but not in the conditions required by the Committee. 


Monthly Means of Tem'perature Observations on the Tay at Perth ^ 9 a.m. 


Month 

Year 

Air 

VV ator 

Weather 

December 

1887 

0 

32'5 

o 

36-9 

Some snow and frost. 

January 

1888 

400 

37-8 

Some fog and rain. 

February 

„ 

36 7 

37-5 

W. and N.E. winds ; some snow. 

March .... 

it 

37-9 

37-4 

W. winds ; some snow 

April .... 

it 

458 

43-6 

N. winds : some rain. 

May .... 

it 

60*3 

46-9 

N. and W. winds. 


At Inver, near Dunkeld, Messrs. C. and J. Macintosh made observations 
on the rivers Tay and Braan from March 17, 1889, to June 20, 1890, at 
.15 A.M. The Tay at the point of observation is narrow and deep, with 
comparatively slow current when the river is low. In flood instances 
have been known of the water-level rising as much as 16 feet above 
"■he average. The banks are high and wooded to the margin of the stream. 
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The temperature is taken about 8 feet from the bank, where the depth 
of water Taries from 4 feet to 12 feet or more. 

The Braan is a rapid mountain stream ; about half a mile above the 
point at which observations are taken, it emerges from a deep narrow rocky 
ravine well wooded and about one and a half mile long. Before its 
junction with the Tay a mill-lead is cut from it to the Tay, and the 
temperature is observed near the outlet of this artificial channel. 

Both sets of observations are shown in the same diagram, Carve XXVI. 
The Braan is always a few degrees colder than the Tay and follows the 
variations of air-temperature much more closely than does the larger 
river. The Tay was almost always warmer than the air, and this was 
particularly the case in the summer of 1889, when for more than a month 
both rivers had a temperature over 60°, a temperature which the air did 
not reach on any occasion as a weekly mean. It must, however, be 
noticed that the early hour of observation would account for a low air- 
temperature. The river-temperature runs much closer to the air- 
temperature during the period of heating up than while cooling down. 


Monthly Means of Temperature Observations on the Tay and Braan 
at Invert near Dunlceld. 


Month 

j Year 

Air 

Tay 

1 Braan 

Weather and General Direction of Winds. 

March . 

j 1889 

o 

41-2 


39°0 

N.W. wind : changeable ; some thunder. 

April . 


42 0 

41-3 

39 2 

N.W. wind; stormy; some snow. 

May . 

ft 

60-8 

60*3 

490 

E. winds ; fine ; dull ; showers. 

June . 

u 

66*7 

670 

56-4 

N.W. and E. winds. 

July . 


66 2 

60'7 

58 5 

No remarks. 

August 


6.3 5 

55 '5 

65*3 


September . 


60 5 

53-4 

612 


October 


43*2 

46T 

43 8 


Kovember . 

«• 

40 7 

43 0 

40-4 


December , 


37*9 

39'6 

36 6 


January 

1890 

36-6 

39-6 

37-6 

ft 

February . 

»» 

34-5 

37-8 

1 34-7 


March 


42 6 

39-3 

38-3 


April . 

If 

41-7 

43-3 

41-7 


May . 


49-2 

60-5 

49 9 


June . 


55-5 

53-4 

53*4 

ft 


Curve XXVI. — Tay and Braan, Dunkeld. 8.16 A.M. 

Air lay — — . JW^Jjrojirv 

t*tf ttiO 
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Observations were also made on the Tummel at Ballinlaig, on the 
Dochart and other feeding streams of Loch Tay at Killin, on the Forss 
in the north-west of Caithness, in the sea at Scrabster and at Wick in 
Caithness, on the Wick river, on the Glass in Strathglass, the Eden near 
Cupar Fife, on the Nith estuary and on Lochrutton, Kirkcudbrightshire ; 
but from irregular hours of observation, short period of observing, or other 
causes, they have not been reduced to the form of curves. 

A number of observers in various parts of Ireland were supplied with 
instruments, but only two sent in reports of work done. 

Sea at Moville. 

One of the records was an admirable series of observations in the sea 
at Moville, on Lough Foyle, by Mr. J. Lowry, from January 1889 to May 


Curve XXVII. — Sea at Moville, Ireland. 9 A.M. 



Monthly Means of Temperature Observations on Lough Foyle at Moville. 


Month 

Vear 

Air 

Water 

Weather 

January . 

1889 

o 

46 8 

44 6 

S. and W. winds ; some hail and rain. 

February 


41-2 

42-3 

Changeable ; rain and snow. 

March 


44-2 

43 3 

W. winds. 

April 


46-9 

46 0 

N. and E. winds. 

May 

»♦ 

66-2 

61 '3 

S. and E. winds. 

June 

M 

69-7 

66-3 


July 

»y 

69-3 

581 

S. and W. winds j some rain. 

August . 

yy 

68-1 

68-0 

>1 11 

September . 

yy 

57’8 

54-9 

S, and E. winds. 

October . 

y» 

60-4 

61*0 

Changing winds. 

November 

yy 

47-6 

48-6 

S. and W. winds. 

December 

y* 

43-2 

44-9 

i» 

January 

1890 

42-4 

44-2 

»» 11 

February 

11 

401 

43-6 

8. and B. winds. 

March . . 

11 

43-7 

44-9 

S. and W. winds. 

April 

** 

460 

46-2 

S. winds. 

May 

*’ 

60-4 

49-2 



Curve XXVII. gives the weekly means and affords an interesting 
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comparison with the Bristol Channel observations. The water was colder 
tban the air while the temperature was rising and at the seasonal maxi- 
mum, but warmer than the air when the temperature was falling and at 
the seasonal minimum. The range of sea-temperature was decidedly less 
than that of air-temperature, and the curve for the water is more uniform 
than that for the air, showing little tendency to follow sudden and tem- 
porary changes. 

Belvedebe Lake. 

Mr. J. Bayliss made observations on the east side of Belvedere Lake 
from January 1889 to January 1890. Belvedere Lake is a small sheet of 
wrater three miles south-west of jMullingar, in West ]\Ieath. The tempera- 
ture of the water (Curve XXVIII.) was almost always higher than that 
of the air, and had a nearly equal range but was less subjiait to small 
irregularities. 

Monthly Meaiis of Temperature ( Phservat ions on Belvedere Lake^ 

Meath, 


1 Mouth 

\ 

Ytar 

Air 

Water 

j W'eather 

i January. 


39*7 

39-3 

! S. and W. winds ; htorniy. 

February 


38-<J 

39*8 

i W. and N. win<l.s ; snow. 

March . 


42*2 

421 

! Changing winds ; stormy. 

April 


4.5 H 

40-4 

’ X., S„ an<l W. win<is ; some rain. 

May 


53 -9 

55*4 

j S. winds ; overca.st 
i Changing winds ; cloudy. 

June 

„ 

no 1 

01-8 

July 

,, 

i 59*9 

no-9 

1 W. winds ; stoirny; rain. 

' Auj^ust . 

*» ' 

58 3 ; 

59-8 

i S. and W. whkIs ; overcast. 

1 September 


58 0 i 

.57 n 

' Changing winds : .some rain. 

October . 

,, 

47-9 ! 

; 49-5 

! iS.W an<i N. winds ; ram 

November 

„ 

4n 1 ' 

47'9 

} S. winds ; fog ; rum ; stormy. 

December . . I 

„ 

4 l .5 

41-4 

1 S. winds ; stormy. 

January . . . i 

1890 

45 0 ' 

42 1 

1 8. winds 


CURVK XXVIII. 


-I3elve0t*re Lake, West Meath, Ireland. 
10 A M. 


Cl'RVKS. 

Weekly means of 
water- and air-tem- 
peniture at twenty- 
eight stations. The 
curves are drawn on 
tho same scale, the 
entries corre.spoiid- 
iiig to tho average 
temperature (usually 
at 9 A.M.) for the 
week ending each 
Saturday. The tem- 
perature readings are 
corrected for instru- 
mental errors, but in 
several instances tho 
readings are subject 
o uncertainty sometimes on account of the observer only reading to 
rhole degrees or to half or quarter degrees. 
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On the Capture of Gometn by Planets^ especially their Capture by 
Jupiter, By Professor H. A. Newton. 

[A communication ordered by the General Committee to be printed i7i extenso 
among the Reports.] 


1. Some years ago I obtained and published ^ a formula expressing in 
simple terms the total result of the action of a planet in increasing or 
diminishing the velocity of a comet or small body that passes near the 
planet. This formula is practically a modification of the integral of energy, 
the smaller terms in the perturbing function being omitted. A very brief 
and partial treatment of it was presented to this Association in 1879 at 
its Sheffield meeting.* Within the last two or three years several astro- 
nomers have made special study of the manner of Jupiter’s action in 
changing the orbits of comets that pass very near him. M. Tis.seraud 
has given us an expression connecling the major axis, inclination, and 
parameter of the orbit described before coming near to Jupiter with the 
corresponding elements of the orbit after leaving the neighbourhood of 
the planet.^ M. Sclmlhof has applied the formula of M. Tisserand as a 
criterion for determining the possible identity of various comets whose 
orbits pass near to Jupiter’s orbit.** Messrs. Seeliger, Callandreau, and 
others have continued these investigations. The interest thus shown in 
the problem has led me to resume the study of the subject and to work 
out the results of the formula obtained by me in 1878 more fully than 
they have been hitherto developed. 

2. One of the remarkable distinctions between the comets of long (or 
infinite) periods and those of short periods is that the orbits of the 
latter have almost without exception direct motions and small inclinations 
to the plane of the ecliptic, while the orbits of the former have all 
possible inclinations between 0° and 180°. At first sight this seems to 
imply that the two groups of comets are radically distii\ct in origin or 
nature one from the other. The most natural line of investigation there- 
fore is the effect of perturbations in bringing or not bringing the comets 
to move with the planet after the perturbation. 

3. The algebraic processes by which 'was obtained the formula for the 
change of energy which a small body experiences from passing near a 
planet w ere given in the article cited, and they need not be here repro- 
duced. The following was the resulting equation, viz. ; — 


A 


cos <f> sin a 
jpvo 


( 1 ) 


and it was obtained from the general differential equations of motion by 
making assumptions not greatly differing from those used in obtaining 
Laplace’s well-known theorem, that a sphere of suitable magnitude may 
be described about the planet as a centre, and that for a tolerable 6rst 
approximation the comet may be regarded as moving when without 

* Amrrimn Journal of Science, III., vol. xvi., 1878, p. 176. 

* Iti^port, 1879, p. 274. 

* ‘ Sur la tb6orie do la capture des com^tes p^rlodiques/ BuU, Astron,, tome vi., 
juin et juillet, 1889. 

* ‘Notes sur quelques comfetos & courte p6riode,* A$tron. Xackrichten, No. 2964. 
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this sphere in a conic section of which the sun is the focus, and as 
moving when within the sphere in a conic section (an hyperbola) of 
which the planet is the focus. In other words, only perturbations of the 
first order of magnitude are taken account of. A comet is treated 
throughout this paper as a small indivisible body whose mass may be 
neglected. 

4. Notation. — The symbols used in (1) and also other symbols which 
I shall have occasion to use may be thus defined : — 

Let C, bo the orbit of the comet about the sun before the comet 
comes under the appreciable action of the planet ; 

C the orbit of the comet about the sun after perturbation by the 
planet ; 

C the hyperbolic orbit of tlie comet relative to Jupiter when 
near the planet ; 

31 the elliptic orbit of Jupiter about the sun ; 

A the point on which is nearest to 31 ; 

E the point on which is nearest to ; 

d the length of the straight lino EA, being the perpendicular 
distance between the orbits at their nearest approach ; 
to the angle between the tangent of Cj at A and the tangent to 
31 at E; 

li the distance winch the planet has yet to pass over to rcacli E 
when the comet is at A (A may be negative) ; 
m the mass of the planet ; snn'.s mass = unity ; 
a the unit of distance, in general the mean distance of the earth 
from the sun ; 

/ the sun’s attmetive force at tlie unit of distance ; 

Vf the planet’s velocity m its orbit at E ; 

Vq the comet’s velocity in its orbit C when the comi't enters the 
sphere of Jupiter’s perceptible influence ; 
the comet’s velocity at A relative to the snn ; 

« =vjv,-, 

tho semi-axis major of C, (negative if C/ ia an hyperbola) ; 

@ the semi-axis major of (negative if C is hyperbola) ; 
p the perpendicular from the planet upon asymptote to C ; 
a the acute angle between the transverse axis of C and the 
asymptote to C ; 

the angle between the tangent to 3 at 0 (drawn in the 
direction of the planet’s motion) and the line from the 
planet to the vertices and centre of C ; 

A the semi-transverse axis of C ; 

B the semi-conjugate axis of C (henco equal to p ) ; 
r the distance of the planet from the sun ; 

the distance of the comet from the snn ; 
r<, the distance of the comet from the planet ; 

p, and p distances of the comet from the sun at selected epochs before 
and after perturbation ; 

tt, and u the velocities of the comet at the selected epochs ; 

A the increase to which v* — receives by the planet’s 

action during the whole period in which the comet ie 
passing near to Jnpiter. 
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6. If we assume two epochs, one before and one after the perturbation, 
at which the comet is equally distant from the planet, the term 2mfa^ 
is the same at both instants, and it disappears from the value of A. 
Therefore 


A == 


p p/ 


But by the well-known formulas from the law of gravitation, 


and 


hence 


that is, from (1) 



= 2//i2 



-h)' 


1 __ 1 4m cos (fy sin a 

@ ps 


This equation is valid whatever be the major axis of the orbit and 
may bo used to determine the major axis of either orbit from the elements 
of the other. My present purpose is, however, to study the action of 
flupiter in changing orbits that are originally parabolas, and hence in 
general will be taken infinite. In that case 


@ = 


Pt 

4m cos </> sin a 


(i) 


It will be found that the second member of (2) depends on w, <7, and 
h, and these are known quantities when the elements ©f C, fi-ud ^ are 
given. The use of the equation is, moreover, greatly simplified and 
enhanced by the fact that the plane of the planet’s orbit is involved only 
in 80 far as that it must contain the tangent to SI at E. 

6. In the second member of (2) all the factors are positive except 
cos <l > ; hence if <^ < l,7r, @ is positive and the orbit C is an ellipse ; but if 

@ is negative and (j;; is an hyperbola. This result may bo thus 
expressed : If the comet pusses iti front of Jupiter the kinetic energy of the 
comet is diminished ; if it behind the planet the kinetic energy of the 

comet is mcreased. The reason for this may also be given in general 
language. If the comet passes in front of the planet the comet’s 
attraction increases the velocity, and hence increases the kinetic energy 
of the planet, and vice versa. Ibit the total energy of the two bodies is 
constant, so that when that of the planet is increased that of the comet 
is diminished, and vice versd. 

7. It is desirable now to transform the value of @ given in equation 
(2) so as to be able to determine the major axis of the new orbit of the 
comet directly from the circumstances of its initial approach to the 
planet before perturbation ; in other words, to find @ in terms of w, 
and h. For this we must find in terms of w, d, and h values for 5, jp, a, 
and <l>. 

1891. L P 
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8. To find s . — In fig. 1 lefc A and E represent the two points A and E 
as defined above (Art. 4), and the line AE represent d. Let AY be the 
tangent to C/ 0*1^ A, and EO the tangent to ^ at E. It is an admissible 
supposition that the planet is describing the straight line OE, and that 
the comet in its unperturbed orbit is describing the straight line YA. 
At some certain moment the line joining the planet and the unperturbed 
comet must evidently bo perpendicular to OE. Let OY be the line 
joining the bodies at that moment, so that the planet is at O when the 
comet is at Y, and EOY is a ri»ht angle. Instead, however, of supposing 
the planet to move from O towards E we may apply an equal, opposite 
motion to the comet, and consider the planet to 
remain at rest at O. Draw AC parallel to KO and 
make xVB equal to the distance described by the 
planet during the time that the comet is moving 
from Y to A. Join YB. Then since YA and BA 
lepresent in direction and magnitude the motions of 
the two bodies in a given interval, the third side YB 
of the triangle repie.‘^ents in magnitude and direc- 
tion the motion of the comet relative to the planet. 
The angle YAB is the angle oj, and the three sides 
of the triangle YA, YB, and BA are proportional 
to r, t’o, and v,, Let the angle YBC bo $; then from 
the triantrh* YAB we hav(' 


Fig. 1. 



and 


rfi = r “ — 2i\vv< s «•> -f 
V : Vj : Vf, : : sin $ ; sin (tz — w) : sin < j ) 


( 3 ) 


Since V and v, can be computed from the given elements of the orbits of 
the planet and comet, \^e may readily compute from o> the value of Sy 
or ro/r,. But if the planet i.s at its mean distance from the sun, and the 
comet’s orbit is parabolic, and we have 

= 3 — co.s u> , , . . (4) 

Also from the triangle 

2v^ = + 2ro?\cos 0 -f ifiy 

or 

2s cos ^ = 1 — (5) 


0. To find p . — The planet being regarded at rest at O and the relative 
tin f)t itui bed motion of the comet being along YB, this line may within 
Hdnn.s*'ible limits of error be treated as one asymptote of the relative 
orbit C- The perpendicular from O upon YB will then be by definition 
(Art. 4) the linop. Draw OX from O perpendicular to OY and OE, 
and let these three lines he coordinate axes. Lefc the line AB meefc the 
plane XOY in C. Join OC, lefc fall OD perpendicular to YB, and join 
CD. Since EA is perpendicular to AY, and also to EO, and so to its 
parallel line AC, therefore it is perpendicular to the plane YAC. Hence 
OC parallel to EA is perpendicular to the plane, and so perpendicular 
to CD. Again CDY is a right angle ; for OD^ -f PY* = OY^ = OC» 
4- CY^ and OD^ = OC^ + DC*. Hence DC* -f D Y* = CY*, and conse- 
quently CDY is a right angle. 

The quantity h is the line BC; for h is the distance which the planet, 
when the comet is at A, has yet to pass over before reaching E. But the 
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comet was at Y when the planet was at O, and the planet describes BA 
while the comet describes YA, leaving BC as the distance yet to be 
described, or h. But the angle CBD is so that we have 

jp2 = OD2 = OC2 + CD2 = 6^2 + sin2 0 .. ( 6 ) 


10. To find a . — The angle a is the acute angle between the asymptote 
and the transverse axis of the hyperbola, and hence from the nature of 
the hyperbola tan a = B/A. By known formulas we have, if the planet 
is at its mean distiince, 





11. To, find — Tlie orbit of the comet relative to Jupiter lies in the 

plane YOB. Let i bo the inclination of the plane YOB to YOX, 
measured positive from a* pf)sitive to z positive; let I be the longitude of 
the direction YC, measured in the plane YOX from OY, that is, the 
angle made by YC with OY produced; let X be the longitude of the 
direction YB measured in the plane YOB from OY, that is, the angle 
made by YB with OY produced. Imagine now a sphere described 
about Y as a centre that shall cut the three planes XOY, BOY, and BCY 
in three sides of a right-angled spherical triangle. The hypotenuse of 
this triangle is X, the Viase Z, the perpendicular and the angle 

opposite to the perpendicular is ^ ; hence we have 

cos X = cos I sin B . . . . (i^) 

cos 0 = sin i sin X . . . . (10 

cot i — sin I tan B .... (10) 

Also from the triangles OCY and BCY 

tan Z = tan OYC = — ^ ^ • • *(11) 

iC A lan 0 

The angle is by detinition the angle between the direction OE and a 
line in the plane YOB that makes with YB an angle a. Hence we have 
readily 

cos </> = sin i sin (X ^ a) . . . . (12) 

These equations enable us to compute in terras of fZ, A, and <o ; for in 
succession B may be computed by (3), I by (11), X by (8), i by (10), and 
by (12). 

12. These values of s, p, a, and ^ give by equation (2) the value of @. 
The suppositions that the planet is at its mean distance, and that , is a 
parabola, aro involved in that equation, but they are not necessary o tho 

1. L 2 
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determination of @ when no such hypotheses are made, and changes in 
the equation that are not serious would make it applicable without these 
limitations. The quantities in the several equations may be regarded as 
having values : — 

d positive, 

}i positive or negative, 
a positive and less than 
< 0 , <^, and i positive and less than tt, 

I and A positive and less than 27r. 


13. We may, however, also find directly the value of @ in terms of 
<?, hj and the known functions of w. 

From (12) : 

cos <ji sin a = sin i sin A cos a sin a -k sin i cos A sin^ a. 


From (7) : 

From (10) and (8) : 


AB , . B2 

cos a sm a = — . and sin^ a = . , ' 


sin i cos A = ^ -^ v 


cos I sin 0 


cot I sin 0 


(1 4- sin** I tan‘ Oy {i^cc^O -f cot^ ly 

hence from (G) and (11) : 

sin i cos A = -f- 


h sin2 0 


h sin^ 0 


i^d'^ H" biii^ Oy 13 * 

From these and (9) : 

cos ^ sin a (A^ 4* B^) = AB cos 0 it //B sin^ 0, 
and hence from (2) : 

ft A^ 4- B“ fi A -h sin^ 6 


@== 


4m A cos 0 ::t. h siu^ 0 4m A cos 9 sin^ 0 


(13) 


Since ni is the known mass of the planet, and fi, and A are known 
functions of w, equation (13) gives directly the value of the semi- 
axis major of the new orbit C, in terms of d, h, and co. 

14. For a particular case of approach, equation (13) is convenient for 
computation. We may, however, now treat d, h, ana w as independent 
variables whose varying values may express all the different possible 
cases of approach of the comet to the planet, so far as change of periodic 
time of the comet is concerned. The dependence of @ upoti the three 
variables cannot be very easily represented graphically in a single plane 
diagram. But by giving to m successive values in multiples of 10°, viz., 
it) = 10®, 20®, 30®, &c., to 170°, I have prepared a series of diagrams to 
exhibit in each case in succession the relation of @ to the other two 
variables. The values of 9^ s, and A for the several values of w were 
needed in making the diagrams, and they are given in Table I. Equa- 
tions (4), (5), and (7) are used in making the table. The disturbing 
planet is assumed to be Jupiter, so that w was taken equal to 1/1060 
and r sss 6*2. 
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Table I. 


w 

e 


a 

A 

0 ) 

e 

a 

A 

0 

0 




0 

0 

48 



0 

0 

0 

0-414 

•02886 

100 

131 

1-868 

•00142 

10 

32 

1 

0-463 

-02309 

110 

138 

9 

1-992 

•00125 

20 

66 

47 

0-685 

•01448 

120 

144 

21 

2-101 

•00112 

30 

72 

22 

0-742 

-00900 

130 

160 

26 

2-196 

•00103 

40 

84 

46 

0-913 

-00694 

140 

166 

26 

2-273 

•00096 

60 

94 

47 

1-087 

-00419 

160 

162 

22 

2 334 

•00091 

60 

103 

27 

1-269 : 

•00312 

160 

168 

16 

2 379 

•00088 

70 

111 

14 

1-426 ' 

•00244 

170 

174 

8 

2-405 

•00086 

80 

118 

27 

1-584 

•00197 

180 

180 

0 

2 414 

•00085 

90 

125 

16 

1-732 

•00166 







15. Using these values of s, and A we may now represent graphic- 
ally the dependence of @ upon the other two variables d and h for each 
specified value of < 0 . Let d and h be Cartesian coordinates, then for each 
point of the coordinate plane there is a value of The ambiguous sign 
will be fully satisfied by giving positive and negative values to h. For 
an assumed value of @ wo shall have a curve whose equation is (13), 
and each point of this curve represents values of d and h for which the 
total action of the planet upon the comet will bo to reduce the energy of 
the comet a constant amount. This locus will be, called an isergonal 
curve. 

16. Faisceau of Isergonal ellipses , — The equation (13) of the isergonal 
curve may be written 

4!7n@ (A cos 0 + h sin* 0) = s (A**f + sin* 0), 


and this is the equation of an ellipse. As @ changes its value we may 
treat it as a parameter, and we have a faisceau of similar isergonal 
ellipses, each ellipse symmetrical with the axis of h. The radical axis of 
the faisceau A cos 0 sin* ^ = 0, and the imaginary ellipse A* -f- d* 
-f /i* sin* ^ = 0, are theoretically two members of the faisceau. For 
points on the radical axis @ = oc, and therefore for this locus there is no 
change in the energy of the comet. 

17. Centre and area of the isergonal ellipse , — The centre of the isergonal 
ellipse is upon the axis of h ; making d = 0 and solving for 7i, we have 




2in@ 

8 


2m @ 
s sill 6 



As 

2m@ 




(14) 


The first term of the second member of (14) is the ordinate of the centre, 
and the second term is the semi-axis major of the ellipse. The ratio of 
the axes being 1 : sin 0, and As* being = inr, the area of the ellipse will 
be equal to 

47rm*@* 
s* sin e ' 




18. Maximum action of the planet , — For two particular values of @ 
the isergonal ellipses become points. These values of @ result if the 
maximum oficct of the planet in increavsiug and in decreasing the 
energy of the comet takes place, and they are obtained by making 




dISi 


HBPOKT— lisfli. 


the two values of h equal to each other in (14), that is, by making 
Since at the same time h = 2m@lsy we obtain 




h = ^ T> - 

cos 6 ±1 2 m (cos 6 . 


(15) 


Let 7/ and li!\ and and be the positive and negative values of h 
and @ in (15), and we may construct the following table of their values- 
As in Table I , Jupiter is assumed to bo the perturbing planet. 


Tarle II. 


ta 


h'* 


(Wf' \ CO 

/.■ 

w 



0 

•01443 

<x 

i 14 

- oc ' 100 

•00426 

- -00085 

4-17 

-0-83 

10 

•012.J0 

-15174 

304 

-.36 90 ,110 

•00489 

- -00072 

5-12 

-0 75 

20 

•00027 

- 03307 

2 85 

-101 5 1 120 

•00598 

- ■ooo<;2 

0 60 

-0-08 

oO 

•00090 

-•01290 

2-09 

- 5-03 ; 130 

•00789 

— '00055 

9 -<^9 

-0-03 

40 

•00.“>4 { 

1 - -ooora 

2'61 

- .3 13 1 140 

01149 

- *00050 

13-71 

-0-00 

60 

'0()t57 

! - *00387 

20 1 

- 2*21 ! 150 

•01934 

-00017 

23 70 

- 0 57 

60 

' -00107 

! -- 00253 

2 69 

- 1-68 ! 160 

' 04192 

-•(X)041 

52 30 

— 0 55 

70 i 

i •00.KS2 

1-00179 

1 2-86 

- 1-34 ; 170 

‘ -10.336 

-•00043 

200-30 

-0 54 

80 ; 

00,377 

- -00134 

1 3 14 

- Ml , 180 

a 

-•00013 

oc 

-0 51 

90 ' 

•00390 

-00105 

3*55 

- 0 95 1 - 

— 1 

— 


--- 


19. Explanation of Table II . — The meaning of the numbers in this 
table may be explained by an example. If a comet moving in a parabola 
passes near to Jupiter, and the directions of the two original motions at 
nearest points of the orbits make an angle of 10®, then the greatest 
action of Jupiter (during the whole period of transit) in diminishing the 
velocity of the comet in its orbit about the sun will take place if the two 
orbits actually intersect (d = 0), and if the comet in its unperturbed 
orbit arrives first at the point of intersection at the instant when Jupiter 
is distant therefrom '01250 (the earth’s mean distance from the sun 
being unity), the resulting semi-axis major of the comet’s orbit about 
the sun will be 3*04. 

On the other hand, the greatest effect in increasing the velocity of 
the comet will take place when the two orbits actually intersect, and the 
comet in its unperturbed orbit reaches the point of intersection later than 
the planet and when the planet is distant therefrom O' 151 74. The somi- 
tranaverse axis of the resulting hyperbolic orbit about the sun will be 
36'90. 

20. Ttemlting orbits of maximum perturbation . — The position of the 
relative orbit about Jupiter in these cases of maximum perturbation for 
given values of <i> is easily determined. From the equations (7), (6)^ 
and (15) 

tan a = B/A = h sin OJA. = sin Oj{co& 0 db 1). 

The positive sign gives 2a = and the negative sign gives 2a = rr 4- 0. 
But the angle 2a in the first cage is the angle of the asymptotes enclosing 
the branch of the hyperbola described about Jupiter by the comet. 
Since the two original orbits intersect, the plane of the relative orbit 
contains the planet’s path, so that the comet passes directly in front of 
the planet, and being tnmed backward leaves Jupiter exactly in the 
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direction of Jupiter’s quit.* The place of encounter witK Jupiter will be 
near an apse of the comet's resulting orbit about the sun. The comet 
leaves the planet with the relative velocity so that if »< 1 the motion 
about the sun in the new orbit will be direct ; if s > 1 the motion in the 
new orbit will be retrograde. That is, by (4) when a> < ^tt the resulting 
motion is direct ; when w > the resulting motion is retrograde. 

In the second case the angle 2a, being greater than 180°, stands for 
the angle between the asymptotes exterior to the orbit. Hence the 
comet passing behind the planet will be turned forward and will leave 
the planet in the direction of Jupiter's goal, and have a velocity that will 
send it permanently out of the solar system. 

21. The results of Art. 20 assume that a> is given. To find for what 
value of <i> the period of the resulting orbit is the shortest possible we 
•may put = mr and 1 — — 2.9 cos ^ in (15), so that 


To find the minimum for @ place = 0 in this equation. This gives 


« = 1, in which result, since s is inherently positive, only the positive 

sign is used. But when ^ = 1, @ = h = mr^ and w = JTcvce the 
{greatest effect of iierturhatioii of a planet moving in a circular orbit in 
shortening the periodic time of a comet originally moving in a parabola ix 
obtained if the comet' s original orbit actually intersects the planet's orbit at 
an angle of 45°, and if the comet is due first at the point of interscefion at 
the instant when the planet's distance therefrom is egtial to the planet's 
distance from the sun multiidied by the ratio of the mass of the planet to the 
mass of the sun. 

The relative velocity of the comet on leaving the planet’s sphere of 
action would be equal to, and directly opposite, the planet’s velocity 
(s = 1), and the comet would be left entirely at rest to fall to the sun. 
This case could not happen for planets like the earth where mr is less 
than the semi-diameter of the planet. In the case of the earth mr is less 
than 300 miles, and actual collision would result. But for Jupiter mr is 
greater than the distance of the second satellite from the planet. The 
nearest approach of the comet to the planet would he mr 2 —1), which 
is more than four times the radius of Jupiter. Hence this case of 
maximum diminution of major axis could occur near Jupiter. 

22. Isertfonal ellipse for <x» = 10°. — If we make w = 10° the vanishing 
points of the isergonal ellipses will be (Table II.) at d = 0, = 01250 

and d = 0, /t= — T51 74, In fig. 2 let OE and OH be the axes of d and h 
respectively. The vanishing points will be on the axis OH at distance.^ 
h/ and h** above and below O. Upon this diagram are shown the lialves 
of four isergonal ellipses. The scales used for d and h are not equal to 
each other, since the use of the same scale for both coordinates would 
make the figures of inconvenient shape. In this and in all the figures 
2-18, tlie unit in d is to the unit in A afi 1 to sin w. But to indicate 
more clearly this scale, and at the same time to give a kind of shading 
to a part of the area, there are drawn above the radical axis ae lines 
parallel to OE, and parallel to OH, at intervals of '01 ; that is, the sides 


’ The goal and the quit of a moving body are those two points on the celestial 
aphere tmmrdt whic^ and /ram which the body Is moving. 



BBWBt—lSai, 


6SiO 

of each of tlie small rectangles in the quadrant HOE are *01, or about 
925,000 miles. Only the positive values of d are represented in the 
figures. The positive vanishing point being 1*250 of these divisions above 

Fio, 2.— « == 10®. Fia. 3.— « = 170°. 



O, and the negative vanishing point 15,174 below O, we lay off Oa 
=5 — C'962 divisions, and draw ae for the radical axis. Tho 

smallest positive value of @ is (Table II.) 3*04. As @ increases from 

Pig. 4.-0, = 20°, 5.— « => 1G0°. 



3 04 tho ellipse increases in size, and the innermost curve represents what 
it becomes when @ = 5. The second curve (separating the blank and 
shaded areas) corresponds to @ = 20. Any parabolic comet passing 
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Inpiter with an original angle of w := 10®, and having d and h such as to 
be represented by a point within the blank area of fig. 2, will leave the 
jricinity of the planet in an elliptic orbit whose semi-axis major is less 
khan 20, and whose period therefore is less than ninety years. 

The larger curve that lies above ae in the shaded area is the isergonal 
ellipse for @=60. As @ increases the lower part of the cnrve tends to 
approach the radical axis ae, with which it coincides when @ = oc. For 
points in the area below ae (distinguished by the oblique-line shading), 
the planet increases the velocity of the comets, and the comet would be 
thrown permanently out of the solar system. The smallest semi-transverse 
axis, the one corresponding to the vanishing ellipse, is (Table II.) 36*90, 
and the isergonal curve for @ = — 60 is drawn in the figure. 

23. laergonal ellipses for *d= 170®. — In fig. 3 are drawn the three 
ellipses corresponding to the values of — 5, — 20, and — 50. The 
ellipses above ae do not appear, inasmuch as the smallest possible elliptic 
orbit has a semi-axis major of 206*3 (Table IT.) and a period of about 
3,000 years. The radical axis ae is *08146 (or over eight divisions) above 
OE. 

24. Figs. 4 and 5 are like diagrams for = 20* and o> = 160®, 
With altered numbers the explanation of Arts. 22 and 23 apply with 
slight change to these figures. The line ae in figs- 4 and 5 is nearer to 



OB than is the same line in figs. 2 and 3. In fig. 4 the line for @ = — 20 
appears below ae, while above ae are the three curves for + 5, + 20, and 
4* 50 respectively. In fig. 6 the ellipse for @ = 60 is wanting, since the 
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ininimnm ellipse has a semi-axis major 62‘S6 (Table II.), while below ue 
the three curves are present. 

In figs. 6 and 7 are contrasted in like manner the isergonal curves 
for the angles a> = 30° and a) = the supplement of 30'^. In fig. 6 the 
curve @ = — 5 is wanting, and in fig. 7 the two curves @ = 5 and 
@ = 20 are both wanting. 

In like manner are to be explained figs. 8-18. The numbers 
needed for drawing the figure.s are furnished by equation (13). The 
carves that in each figure separate the shaded area from the non- shaded 


Fig. 8.— w = 



Fig. 9.— 



area are the ellipses for @ = 20 and (^ = — 20. The shading is intro- 
duced in order to compare more readily the corresponding curves in tho 
figures. 

25. The dotted curve in the several figures represents those values of 

d and h for which the total change of direction in tho relative orbit is 
10 ® ; that is, a = 85®. It is that curve whose equation is A tan 85° = B, 
or 4- ^ tarf'^ 85®. It is therefore an ellipse whose centre 

is the origin of coordinates, and it is similar in each figure to the isergonal 
ellipses. 

26. Hypotheaes about the parabolic comeiary orhita. — It will be convenient 
to make two assumptions about the distribution of the parabolic comets 
and the disiribntion of tho goals of their motions. There seems to be no 
very well-marked relation li^tween the ecliptic, or to speak more strictly 
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the invariable plane of the solar system, and the known parabolic coraetary 
orbits. The following two assumptions do not seem likely therefore to 
introduce any very serious error into our reasonings. 

If about the sun as a centre a sphere ^ be described with an arbitrary 
radius r, it will be assumed that near the surface of space is filled 
equably with comets. We may express this by supposing that in each 
cubic unit of space near there are at each and every instant n comets. , 
As the orbits are all assumed to be parabolic, the n comets have a 
common velocity v. 

It will bo furthermore assumed that the directions of the comets in 



each cubic unit of space near are at random — that is, that the quits 
and goals of the comet’s motions relative to the sun are distributed 
equably over the surface of the celestial sphere. 

27. Number of comets entering — If about a normal to ^ as an axis 
there be described two cones cutting the celestial sphere in two small 
circles distant from the point where the normal meets the celestial sphere 
^ and then of the n comets there will be sin comets whose 

quits are between the two circles. Each of these comets will move per- 
pendicularljr to the spherical surface ^ with the velocity v cos Hence 
in a unit ot time \nv cos ^ sin \pd\l/ comets will cross a unit of the surface 
B going towards the sun. The total entering the sphere in the unit of 
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time will be this nnmber multiplied by the number of units in the surface 
of itj or 

nv cos ij/ sin \j/d\l/ = 

28. Distrihidion of parabolic comets as to perihelion distance . — This 
supposition of equable distribution of the goals of comets as they cross 
the spherical surface involves also a law of distribution of cO'inets as to 
perihelion distance. The number of comets that enter the sphere in a 
given time whose motions make with the normal angles between xp and 
«/r 4- is proportional to sin ifr cos {j/dij/. If N be the number of comets 
that enter ^ in a given period of time with an angle with the normal 
less than we may write dN = Jc sin ij/ cos where k is some co-nstant. 



But if q is the perihelion distance of a comet which at the distance r from 
the sun moves at an angle with the radius equal to i/r, then 9 = r sin* xj/, 
and dq = 2r sin xj/ cos xf/dxl/. But comets that enter ^ with angles to the 
normal between xf/ and xf/ dxj/ have perihelion distances between q and 
q 4 dq. Hence N may also represent the number of comets that in the 
given period of time pass their perihelia, and whose perihelion distances 

are less than q. Therefore ^ is a constant, and we conclude that if 

comets be grouped according to their perihelion distances the number of 
comets whose perihelion distances are less than q is proportional to q. 
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29. It follows as a corollary to Art. 28 that if the two assumptions of 
Art. 2C be made for the spherical surface the like distributions are true 
for every smaller concentric spherical surface. It would be but a reason- 
able extension of the assumptions to make them apply to larger spheres 
if finite. 

30. If there are assumed to be n comets equably distributed in each 
unit of the space near and through which a planet is moving, and if these 
comets are all assumed to be moving in parabolas about the sun with the 


Fig. 16.— « = 80°. 



Fig. 17.— « = 


Fig. 18.— 100®. 



velocity Vf having also their directions of motion equably distributed, then 
the number that are moving from quits lying within an element dS of 

the surface of the celestial sphere will be • Let Vq be the common 

Anr 

velocity of these comets relative to the planet. Then suppose that a 
spherical surface S' is described wdth a radius r about the planet ag 
centre ; r' being small relative to the sun’s distance, yet not so small as 
to forbid the omission of the planet’s perturbing action so long as the 
comet is without the surface S'. In each unit of time out of these comets 
directed from the element dS of the celestial sphere there would pass 

nearer than r' to the planet . Trr'^OQ = \nvQ'i''^dS comets if unperturbed. 
47r 

Evidently an equal number cross the surface S' entering the sphere in 
each unit of time. 

If now <0 bo the angle which the comet’s unperturbed motion is 
making with the planet’s motion, and if Vj or its equal v/>/2, bo the 
planet's velocity in its orbit about the suu, then cq* == Jv*[3 - 2 \/2 cos w]. 
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The element dS may be taken to be the elemental zone between the two 
small circles whose common pole is the planet’s quit, and whose distances 
from the planet’s quit are co and w -4- dm. Then tZS = 27r8in w dm. The 
number of comets entering S' in a unit of time with quit^ within that 
elemental zone will be 

X 27r sin m dm = “ 2%/ 2 COS w)* sin to dm. 

2 V 2 

The integral of this, 

f (3 — 2 n/ 2 cos my sin to dw = Imivr'^f 
2n/ 2 Jo 

expresses the total number of comets that, under the hypotheses that have 
been made, would in a unit of time enter the sphere S'. 

31. If we compare the two expressions obtained in Arts. 27 and 30 
we find that the number of comets which, in a given period of time, come 
nearer to the sun than r is to the number that (unperturbed) come nearer 
to the planet than r' as is to 7d'^, The factor J expresses the increase 
of numbers caused by the planet’s motion in its circular orbit. The value 
of /, as has been said, must not be too small, nor yet must it bo very 
large. 

32, In order to determine the number N of comets which in a unit of 
time will have their periodic times reduced below a given period we may 
make use of the isergonal curves represented in figs. 2-18. Although 
the diagrams were not constructed to exhibit the motions of the bodies, 
yet they may be utilised for that purpose. Let OH be the tangent to tho 
planet’s orbit, O the place of the planet considered at rest, and let the 
plane HOE contain the shortest line d between tho two orbits. This d 
will be the abscissa of the point at which the comet’s unperturbed orbit 
will cut the plane. The ordinate of the same point, produced if necessary, 
will be the projection of the comet’s path upon tho plane HOE, and the 
comet’s path makes with the plane the angle 0. Tho velocity of the 
comet perpendicular to the plane will be Vq sin 0. By reason of tho 
hypothesis that the comets are equably distributed, the points of intersec- 
tion with the plane HOE will bo equably distributed over the plane. 
Hence the number of comets whose quits are in the element r/S of tho 
celestial sphere and that will pass the planet in a unit of time in such a 
way as to have their periodic times reduced below a given period will bo 
equal to the area inclosed in tho corresponding isergonal curve multiplied 
by the velocity perpendicular to tho plane, Vq sin and by tlie factor 

If @ is the semi-major axis of the orbit for the limiting periodic 

4r7r 

time, the area of the corresponding isergonal curve will be (Art. 17) 

TT 

sin^v 


/ 2m^ cos $ wr\ 

I i 


For dS we may, as before, take 27r sin w dm^ and wo shall then have 
irrff . r 

N j t 7 o sm <i> - — 

The integration must extend through the positive values of tho 
quantity in square brackets beginning at a>ss0. [In case a>=:0 gives a 
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negative value for the quantity in square brackets we must integrate 
between the two values of w corresponding to the zero value of the 
bracketed quantity.] We may make S the independent variable by the 
equations 

sds =y/ 2 sin <o day, 2 = sv, and 2s cos 6 = \ — 

These give : 

33. If now we require the number of comets which in each unit of 
time shall pass the planet in such way as that they shall have after the 
passage respectively less than one-half, once, three-halves, and twice, the 
planet’s period of revolution, we may place @ = rT^, and make T equal 
successively to i, 1, 5, and 2, and compute in each case the value of N as 
given in the last article. The results are found to be Tmm^r^v multiplied 
severally by the coefficients 0T39, 0*925, 1*876, and 2*943. 

34. By comparing the results of Arts. 27 and 33, and making the 
assumptions of Art. 26, we have the proposition, that the number of 
comets which in a (liven period of time ptass their perihelia nearer to the sun 
than a yiven planet is to the number of comets whose periodic times are 
reduced by the perturbing action of the planet so as to be less severally than 
one-half once, three-halves, and twice, the periodic time, of the planet, as 
unify is to the square of the mass of the planet multiplied severally by 0*139, 
0*925, T876, and 2*943. 

35. If Jupiter is the planet, and we may express these 

ratios as 

1 000 000 000 : 126 : 839 : 1701 : 2670. 

That is, assuming the hypotheses of Art. 26, and regarding the planet as 
without dimension so as to intercept any comets, if in a given period of 
time a thousand million comets come in parabolic orbits nearer to the sun 
than Jupiter, 126 of them will have their orbits changed mto ellipses with 
periodic times less than one-half that of Jupiter ; 839 of them will have their 
orbits changed into ellipses with periodic times less than than that of 
Jupiter; 1,701 of them will have their orbits changed into ellipses with 
periodic times less than once and a half times that of Jupiter ; and 2,670 
of them ivill have their orbits changed into ellipses with periodic times less 
than twice that of Jupiter, 

36. Another and perhaps a more important inquiry is this, what 
effect have the perturbations of the planet in bringing or not bringing 
the comets to move in the same direction that the planet is moving after 
the comets have by perturbation had their periodic times largely reduced ? 
For simplicity and as a special example I shall consider the action of 
Jupiter only, and also only his action upon those comets whose periodic 
times are reduced to be less than Jupiter’s period, the original orbits of 
the comets being parabolic. In other words, bow many of the 839 
comets which are reduced (Art. 35) to have periodic times less than 
Jupiter’s period will after perturbation have goals distant less than 15®, 
30®, 45°, dec., severally from Jupiter’s goal ? 

37. Let BA, fig. 19, be drawn to represent and CA to represent 
VyJ 2. With A as a centre and AB and AC as radii describe the semi- 
circumferences BLO and CHG. Let the angle BAH be made equal to 
o> and BH be drawn ; then HA will represent the comet’s velocity about 
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the snn, BA the planet’s velocity about the sun, and therefore HB the 
comet’s velocity Vq in its orbit about the planet befoi*e perturbation. About 
B as centre describe the semi-circumference KHT. Since the relative 


Fig. 19. 



KC B FTMA T'PO C 


velocity after as well as before perturbation is equal to HB, therefore the 
velocity of the comet about the sun after perturbation will evidently bo 
represented by a line drawn from some point in the semi-circumference 
KHT to A. If the velocity is increased the new velocity will be repre- 
sented by a line to A from some point in the arc KH, if diminished by a line 
to A from some point in the arc HT. If the new velocity is less than the 
planet’s velocity, and so the new cometic period less than the planet’s period, 
the new velocity will be represented by a line to A from some point in the 
arc ET. If in a diagram constructed for <i)=BAH the iscrgonal curve 
be drawn for @=r, those comets for w’hich d and h represent points 
within that isergonal curve will after perturbation have velocities repre- 
sented by lines drawn from points in ET to A, wliile comets for which 
d and h represent points outside that isergonal curve will after pertur- 
bation have directions of motion represented by lines drawn to A from 
points in EHK. The number of comets having motions represented by 
lines to A from points in ET will be proportional to the area of the 
isergonal curve @=r. Let the angle BAS represent a limiting value o)" 
of distance of quits of comets from Jupiter’s quit after perturbation. The 
comets which are thus limited and at the same time have @<r will bo 
moving in lines directed to A from points in the area bounded by the 
straight lines SA and AF, and the arcs FD and DS. Let a» receive an 
increment da>=H^ and let a new semi-circumference be drawn with B/t 
as radius. To the elemental arc H/t will correspond the elcmonial area 
along the semi-circumference KET. If ET lies wholly in SAFD the 
number of comets that pass the planet in a unit of time having initial 
angles of direction with Jupiter’s motion between w and to-f dw will be 
equal to the area of the isergonal curve for @=r multiplied by the 
elemental number sin and by the relative velocity Vq siu 6 of the 
comet |>erpendicular to the isergonal area. If the area of the isergonal 
curve be represented by sin 0, then this product will be 


sin 6 


. ^ n sin tt)d(a nv, j 

Vq Sm 6 . ^ =a:~ <pd8, 


since n/2uos=«v, and \/2 sin 
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38. This expresses the elemental number of comets corresponding to 
the elemental area Te. The integral of this expression, that is, ^nvf<j>d8t 
so taken as to cover the area AFDS will give the number of comets 
which in a unit of time will pass the planet in such a way as to have 
@<r and w' <BAS. When the elemental area does not extend from the 
arc DS to the line BA, the area of another appropriate isergonal curve 
is to be used in determining 

By Art. 17 Ave have 

For the elemental areas of the surface AFDS which end on the arc 
DS we make @=r, and let he the resulting value of </> ; then 
<I>Q= (4 — s^). 

For elemental areas that end on the radius AS the values of @ on 
that lino are functions of s. To compute them let v' be the comet^s 
velocity in its orbit about the sun, and hence equal to the distance of the 
point on AS from A ; then, by the triangle of velocities 

t, 2 cos = j-. 

Again by the laws of gravitation, 



Hence 

«^=3— ^ —2 A / 2— cos w", 

@ A/ @ 

or 

^ 3 — — 2 cos- (o"=h2 cos a>"(s"— sin^ 

r = ‘ 9 - 8 cos2~a>" - ‘ 


Lot (f>' and be the two values of <!> obtained by substituting in these 
values of representing the value for the point nearer to A. 

39. If o>" = 90®, and therefore cos u>"=0, we have along the limiting 
line the two values of @ equal j hence 


@=: L_ 

r 3-s2 




SO that the number of comets having quits less than 00° from Jupiter's 
quit and @ <r is 



ON 7 


a'-( 3— s-jJ 
1 


TTiivni'^r^ 

™12“ 


(7 + n/ 2)=7012 TTHumV. 


Since the whole number of such comets is (Art. 33) equal to *925 7rai;m-r^, 
the number of comets the distance of whose quits from Jupiter’s quit is 
between 90° and 180° is *224 Trnvm^r^. The number of th^ comets for 
which @<r that have inclinations to the ecliptic less than 90° is to the 
number that have inclinations greater than 90° as 701 is to 224. Of the 
1891. M M 
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83 ^) comets spohen of in Art, 36 , 203 will after periurhaiion have retrogra^ 
motions, and 636 xoill have direct motions, 

40 . If to" is less than 90 ° the expression to be integrated in order to 
cover the area SAFD will bo 

fsln w" ' fa Bin 

+ (<^o — ^0 ds + 

J V2— 1 J Bin w" J Bin «u" 

If to" is greater than 90° the corresponding expression becomes 



As the value of @ introduces into and only one radical in s, and 
that a radical of the second degree, these integi^ations are possible. 
Finite summation is however more convenient. Computing the values 
for each interval of 15° we construct the following table. The first 
column indicates the interval in values of to" ; the second column gives 
that coefiBcient of ^iruvni^r^ that must be used to obtain the number of 
comets which in a unit of time will pass perihelion nearer than Jupiter’s 
distance to the sun, shall also have their periodic times reduced to bo 
less than Jupiter’s period, and shall also leave Jupiter’s vicinity so that 
the distance between the quits of the two bodies is between the two 
values in column 1 ; the third column indicates the distribution of the 
839 comets of Art. 36 through the twelve zones. 

Table III. 


Limiting values of 

Coefficient of 

No. out of 839 comets 

From 0 to 15 

26 

6 

From 15 to 30 

401 

91 

From .30 to 4.> 

751 

170 

From 45 to <K) 

670 

152 

From 60 to 75 

548 

124 

From 75 to 90 

443 

101 

From 90 to 105 

296 

67 

From 106 to 120 

235 

63 

From 120 to 1.35 

162 

37 

From 135 to 160 

99 

2,3 

From 160 to 1G5 

60 

11 

From 16.5 to 180 

16 

4 


We see also from the last column of this table that of the 839 com ts 
under consideration 267 have quits less than 45° from Jupiter’s qu v 
while only thir^-eight of them have quits within 45° of Jupiter’s goal. 

41. Table III. gives the distribution of the comet quits relative tv. 
Jupiter’s quit. It may also be used to determine how many of the 
comets whose orbits are thus changed shall have an inclination to the 
plane of Jupiter’s orbit less than a given angle. 

Let the angle be 30°. Let Q be Jupiter’s quit on the celestial sphere, 
Q' the comet’s quit, and S the sun’s position as seen from Jupiter. Then 
in the triangle QQ'S put <i>" for QQ', the distance of the quits. The side 
QS s= 00°, and QSQ' will be the inclination of the orbits. Kepresent 
this angle by i and the angle Q'QS by tj. Then sin = cot w" cot i. 

Let two small circles be drawn about Q at distances to'* and to" + ; 
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then if be made 15® the numbers in the second or third columns of 
Table III. indicate how many quits are in the several zones of 15® on the 
celestial sphere. These may be distributed at smaller intervals than 15° 
by known processes. All the quits that lie in the lune between two semi- 
circles drawn through S, so as to make angles of 30° with QS, will evi- 
dently have orbits inclined less than 30° to Jupiter’s orbit. From w" = 0 
to = 30° all the quits are included in the lune. From w" = 30° to 
(x)*' z= 90° we compute t] from the equation sin r; = cot w" cot 30° ; then 
the portion of the quits in any elemental zone that fall in the lune is to 
the whole number of quits in that elemental zone as this value of t) is to 
90°. These may be summed by finite summation, and the result is that 
among the 839 comets 257 would move in orbits inclined less than 30° to 
the orbit of Jupiter. 

42. If a like summation be made for the equal lune that contains 
Jupiter’s goal we find 51 to be the number out of the 839 comets which 
move in orbits inclined Vnore than 150° to Jupiter’s orbit. That is, some- 
what more than Jive times as vtany of these comets move in direct orbits 
mclined less than 30° to Jitpiter\s orbit as move in retrograde orbits inclined 
less thnn 30° to Jupiter's orbit. 

43. The comet has been thus far considered as approaching Jupiter 
while moving in a parabolic orbit about the sun. If the comet, however, 
is moving in any other orbit, and it passes near to the planet, the result 
of the planet’s perturbing action will in genei'al be quite similar to the 
result when the orbit is parabolic, the other circumstances of the approach 
being assumed to be alike in the two cases. 

44. These are perturbations during one transit past the planet. But 
the comet, unless the orbit is further changed by another planet, must 
return at each revolution to the place where it encountered Jnpiter. At 
some time Jupiter will be nigh that place nearly at the same time as the 
comet, and the comet will suffer a new, and perhaps a large perturbation. 
Its period will again be changed, being shortened or lengthened according 
as the comet passes before or behind the planet. This process will be 
repeated again and again, since after any number of encounters the new 
orbit of the comet will still pass near to the orbit of the planet. 

This repeated action makes it possible to have an orbit shortened in 
period by several passages near to Jnpiter instead of its being done at 
one passage. A much larger proportion of comets than 839 out of 
1,000,000,000 might therefore have their periodic times reduced below 
the period of Jupiter. 

45. If the comet’s orbit is largely inclined to the ecliptic, and henca 
its motion makes a large angle with that of Jupiter, the diagrams figs. 
10-18 show that there is nearly an even chance that the velocity will be 
increased or diminished. A considerable fractional part of the whole 
number of such comets will at each passage be thrown out of the solar 
system altogether, or thrown into such long orbits that they will return 
only at very great intervals of time. This class of comets cannot be there- 
fore regarded as permanent members of the family of short period comets^ 
except sneh of them as happen to come so near to other planets as to 
have their orbits changed in such wise that they do not ha^^e thereafter 
the near approach to Jupiter’s orbit. But when an orbit is greatly in- 
clined to tne plane of the solar system the comet passes through the 
plane in general at a considerable angle, and the chance of coming close 
to another planet is relatively small. 

H M 2 
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46. On the other hand all the comets which after perturbation are 
moving in orbits somewhat but not greatly inclined to the ecliptic are 
liable to meet, in fact are sooner or later almost certain to meet, other 
planets in such a way as to suffer perturbations that will prevent future 
close encounters with Jupiter. After such changes those comets must 
be regarded as tolerably permanent members of the solar system. 

47. Comets that have motions not greatly inclined to J upiter’s motion 
are, as figs. 2 and 4 show, more likely in subsequent passages near to 
Jupiter to have their periodic times shortened than lengthened. On the 
contrary those passing in nearly opposite direction to Jupiter’s motion 
will, as figs. 3, 5, and 7 show, be much more likely to have their periods 
lengthened than shortened. 

All these causes combine and work together to the one end that those 
comets which are changed by the perturbing action of Jupiter, or other 
planets, from parabolic orbits of every possible inclination to the ecliptic 
into short period ellipses, and become permanent members of the solar 
system, will as a rule (but with exceptions) move in orbits of moderato 
inclination to the ecliptic, and with direct motions. 

We know as a fact that most short period comets do move in orbits 
having small inclinations and direct motions, while long period and para- 
bolic comets move at all possible inclinations to the ecliptic. If the short 
period comets have been changed by Jupiter and other planets from 
parabolic orbits, the preceding investigation shows why their orbits have 
now small inclinations to the ecliptic, and the comets themselves have 
direct motions. 


The Recent Progress of Agriculture in India, By C. L. Tupper. 

[A Communication ordered by the Council to be printed in cxtcmo among 
the Reports.] 

Since 1884-5 the Revenue and Agricultural Department of the Govern- 
ment of India has published very comprehensive returns of the agricul- 
tural statistics of British India, showing from year to year the area irri- 
gated by Government canals, the acreage under cereals and pulses, fibres, 
and other crops, the total area cropped, and many other particulars. I 
have abstracted some leading figures from these returns, and append my 
abstracts to this paper. 

It will be observed that in the period of six years, from 1884^5 to 
1889-90, comprised in these returns the total cultivated area has risen 
from 126 million acres to 136 million acres. I give the increase in 
round numbers, and I propose throughout the text of this paper to use 
round numbers only, showing the most precise figures I can get, either 
in footnotes or in the appended abstracts from the returns. The figures 
of 1884-5 necessarily do not include Upper Burmah, nor do they include 
Ajmere, or the pargana, or tract known as Manpur in Central India. 
Accordingly, to arrive at the total increase of cultivation in the six years, 
we must deduct for these localities some three million acres. We thus 
arrive at an increase of seven million acres, or a little more than one 
million acres a year. The population of India now amounts to 286 
millions, of which 220 J millions live in British territory and 65^ millions 
in the protected native states. In the decade 1881 to 1891 the increase 



osr THE BECBNT PBOaill^SS OF AGRICULTUKB IN INDIA, 533 


has been 29 millions. But if we take only British territory, and exclude 
Upper Bnrmah as a fresh acquisition, it appears that the population has 
risen by nearly 19 millions,^ or by 14i millions if we exclude Bengal, 
which it is necessary to do because the Bengal figures are omitted from 
the returns, the land revenue system which obtains in Bengal affording 
no facilities for their compilation. The proportionate increase in the 
area under review during the six j^ears comprised in the returns would 
be about 8,700,000; so that for each extra mouth to be fed we have 
nearly *81 acre of additional cultivation. This is not much, seeing that, 
according to the figures given by the Famine Commission in 1880, the 
ratios of the cropped area in the principal provinces ranged from *88 of 
an acre per head in the North-West Provinces to 1*9 acres in the Central 
Provinces. 

The second statement I have prepared (Statement B) shows the 
extension of the irrigated area during the same six years. The increase 
due to the inclusion of Upper Burmah is 400,000 acres, so that the exten- 
sion of the irrigated area in India generally, less Bengal, may be taken 
at 4^ million acres, from 23 million inl885-() to 27?, million in 1889-90.* 
The figures include all sources of water supply — Government and private 
canals, tanks, wells, and hill streams. It is not possible to stato with 
precision tlie portion of thi.s area which is irrigatedby Government canals 
because the Bombay returns of land irrigated in that way include also 
the acreage watci*ed from canals which are the property of private 
persons. But I may estimate the area irrigated by Government canals 
at nine million acres. The Famine Commissioners assumed that an acre 
of in’igated land can produce enough food to support 2*5 people. It is 
safe to suppose that at least 2.\ million out of the 4?, million acres newly 
brought under irrigation were untilled before, thus allowing 2 million 
acres as old cultivation now improved by being irrigated. On these 
data, with the additional assumption that one unirrigated acre will yield 
enough food for one person in the year, we may calculate that li- million 
acres of fresh irrigation will produce enough food for 9|^ million people. 
I have shown that tho increase of the cultivated area, irrigated and 
unirrigated, amounts to seven million acres ; so that, on the supposition 
—too favourable a one — that tho whole addition to the tilled breadth is 
given to food crops, we have an additional food supply for llj millions 
to set against an actual increase of 8,700,000 in the population. Without 
pretend iug that this result possesses any greater degree of accuracy than 
is warranted by the nature of tho returns and suppositions on which it is* 
founded, I think it a safe general conclusion that the agricultural deve- 
lopment which is implied in the extension of cultivation and the extension 
of irrigation keep pace, and do not do ranch more than keep pace with 
the simultaneous increase in tho numbers of the people. 

This is not a startling conclusion ; and it is one, I think, to be 
weighed witli sobriety of judgment, with a mind neither specially elated 
nor unduly depressed. There are physical limits, of course, to the exten- 
sion of cultivation, and to the application of that most obvious and in 
many places, but not in all, most useful of Indian agricultural improve- 

* Year 1881 Population 108,655,100 

Year IHOl Population 217,487,3^ 

Difference + 18,832,210 

* I exclude the figures for 1881-6 because in that year statistics for Bombay and 
Sindh are not available. 
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ments — tlie supply of artiGcial irrigation to dry areas by means of wells or 
canals. There aro considerable parts of India, such as the Patna and 
Burdvvan Divisions of Bengal, the Benares Division, and the Lower and 
Middle Dojib in the North-West Provinces, with parts of Rohilkhand 
and Oudh, and two or three of the most populous districts in the Punjab, 
where the population is already so dense that it presses closely on the 
means of subsistence. Elsewhere it is important to distinguish between 
4he wastes already included in village areas, used as common grazing 
grounds for cattle, and great unoccupied blocks of arable land available 
for new settlers. Village grazing lands are to bo found practically 
everywhere. In British India there are only a few well-dehned tracts fit 
for settlers, though of some of these the areas aro enormous. In the 
southern plains of the Punjab, between the great rivers, there aro some 
eight or nine million acres of fairly fertile soil, ready for cultivation, if 
only water can be gi^•en to them. In the Central Provinces the Famine 
Commissioners mentioned two tracts, one in the western end of the 
Nerbudda Valley and the other in the eastern, or Cliatisgarh Division, 
to whieh the attention of immigrants might bo directed. In Assam and 
Burmah there is a vast extent of culturable land. I cannot do better 
here than quote the report of the Famine Commission, from which these 
facts are derived: — ‘There is,* it says, ‘outside the congested tracts, in 
most villages, scope for a slow and gradual extension of cultivation by 
the breaking up of uncultivated land, and for the more careful cultivation 
of what is now under tillage, and outside the village areas there is an 
immense extent of land which is more or less fit for cultivation. But 
much of it is poor land, and where it is not poor either the climate is 
feverish or else the conditions arc so ditferent from those that jirevail in 
the densely populated places from which emigration might be desired or 
expected to come that .settlers would be alarmed and discouraged. Pro- 
bably the only tracts to which these objections do not apply aro the 
desert waste? plains between the Punjab rivers and along the Indus, in 
which, if irrigation is ever introduced, cultivation can be carried on under 
much the same conditions as those which prevail in the greater part of 
Upper India.* 

Any such attempt as this to convey in the space of less than half an 
hour some prominent facts connected with any recent development of 
agriculture in India must almost necessarily start from the admirable 
report in which the remarks I have just quoted were made. That report 
gathered into a focus all the light then available as to Indian agriculture, 
and it has been diffusing it ever since. 1 draw special attention to the 
conclusion.s of the Famine Commissioners as regards the waste lands 
between the great Punjab rivers because I am anxious to point out that 
the Government of India is fully alive to what is probabl}' the greatest 
agricultural improvement that it is at present within its power to effect, 
and that the Local Government concerned and its oflacors are energetically 
co-operating in the endeavour to bring abont that improvement in a 
satisfactory way. In every one of the vast interspaces between the 
Punjab rivers, including the space between the Swat and Cabul Rivers and 
the Indus, wo now have either important irrigation canals or projects for 
such canals sanctioned or unsanctioned. It must not be supposed that 
this is any direct result of the recommendations of the Famine Commis- 
sion. Two of the permanent canals, the Bari Dodb and the Western 
Jumna, are of old dale ; and the Swat River Canal was planned and tho 
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Sirhind Canal was under construction years before that famine in southern 
India which led to the appointment of the Commission. Still the recom- 
mendations of the Commission coincided with conclusions locally well 
known and already in process of practical acceptance. I append a states 
tment (Statement C) of the perennial canals in the Punjab constructed and 
under construction. I have to add that for the space between the Indus 
and the combined Jhelum and Chenab there were projects not yet sanc- 
tioned, so far as I know, when I left India ; while, further north, between 
these two rivers, the Jhelum Canal, already sanctioned, had been begun : 
this work, for reasons on which I need not enter here, had been tempo- 
rarily discontinued. All the other Doabs, or spaces between the rivers, 
are accounted for in the appended statement. 

In addition to these perennial canals there are, both in the Punjab 
and in Sindh, very numerous inundation canals. These are cuts of 
simple construction filled by the flood waters of the Sutlej, Chenab, 
and Indus, as the rivers rise in the late sumfner and autumn. Some of 
these, notably the Muzafiargarh canals, have been greatly improved of 
late years, and new ones, such as the Sohag and Para and Sidhnai, have 
been constructed. Here wo have been able to induce cultivators from 
crowded districts to settle on virgin soil, and the success of the measures 
taken has been very great. The system of tenure and allotments which 
has given this result was devised by the late Colonel Wace and put into 
execution by Lieut.-Colonel Hutclimson. I believe it to possess great 
importance as a precedent, not only with reference to the spread of irriga- 
tion to other waste lauds in tlie Punjab, but also with reference to other 
parts of India where the cultivating settlement of immigrants may be 
contemplated as a possibility. The area irrigated by inundation canals 
in Sindh is, I believe, about 1,800,000 acres. In the Punjab it was some 
930,000 acres at the date of the report of the Famine Commission, and is 
by the latest returns 1,242,000 acres. 

Of the 27i million acres shown as irrigated nearly 10 million acres 
are irrigated by wells. It is in the alluvial soil of upper India that a 
water-bearing stratum is found from 10 to 40 feet below the surface, and 
the irrigation of crops by means of wells is commonly seen along the 
courses of the rivers of the Indus and Ganges systems. In the uplands 
-of the spaces between the Punjab rivers the depth of the water-table from 
the surface is so great that well-sinking becomes an unprofitable venture. 
In the Central Provinces, Berar, the Bombay Deccan and parts of Madras 
the subsoil is often rocky and the use of wells is much restricted. I have 

S repared a return (Statement D) showing the area irrigated by wells in 
ladras, the North-Western Provinces and Oudh, and the Punjab, with 
the totals including other provinces, for the five years ending with 
1889-90. This shows a steady and general improvement, the area having 
risen in every province almost year by year, and having increased on the 
whole from some 8,750,000 acres in 1885-6 to nearly 10 million acres in 
1889-90. An increase of Ij million acres of cultivation from wells is 
valuable, not only because this additional area is thus secured from famine, 
and enabletl to produce better and more valuable crops, but I>ecause these 
improvements are made by private persons at their own cost, and are thus 
evidence of enterprise and security of tenure. 

Before I leave the returns showing the extension of cnltivation there 
are two further remarks I wish to make ; which I owe partly to Mr. 
O’Conor’s * Review of the Trade of India for 1888-9 ’ and partly to a 
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speech I not long ago heard made by Mr. H. J. S. Cotton, one of the Secret 
taries to the Benfifal Government, at a meeting of the East India Associa- 
tion. It is obvious that the mere extension of the cultivated area is not 
necessarily a good thing in itself. If poorer soils, with a precarious rain- 
fall and no other means of irrigation, are broken up and barely supply the 
wants of an increasing population, this merely means a spread of the 
insecure area already liable to famine. Now in the case of the Punjab 
canals, which I mentioned just now, water is being brought to virgin 
soils ; and we hope that, as far as possible, the land allotments will be 
taken up by incoming settlers from congested districts. All this is, I 
think, unmixed gain. 

The other remark is that the changes which have taken place in Indian- 
trade must necessarily produce corresponding changes in Indian agricul- 
ture. The historic exports of India, such as spices, silk, lac, and dye stuffs, 
now take a secondary place; opium and indigo still hold their ground, but 
the rapid advance in the export trade is of recent origin and is based upon 
the European demand for Indian raw products. The great export of 
cotton followed the American War of Secession (1861-5). The export 
of jute practically began after the Crimean War. ‘ The seed trade,’ Mr. 
O’Conor says, ‘ and the trade in wheat and rice took their present largo 
proportions only after the opening of the Suez Canal. The great tea 
trade and the trade in coffee are the creations of the last quarter of a 
century. So with the exports of hide.s and skins, wool and timber.* It 
is a question for exports whether, in taking raw products and returning 
cotton piece goods of English manufactnre, wo do not slowly add to the 
impoveri.shment of the soil. The remedy for the evil, if evil there be, is 
doubtless to be found in greater diversity of occupations. There is a 
beginning in this; of the 114 cotton mills and 26 jute and hemp mills 
now at work in India not one existed in 1848 and nearly all have been 
started within the last twenty years. 

Some of the most valuable recommendations of the Famine Com- 
mission had reference to the relations of proprietors and tenants. T .he 
Commission nrged that, where this was not already .sufficiently provided by 
law, guarantees should be accorded to the landed classes tliat they should 
without hindrance enjoy the fruits of improvements made at their own 
expense. In the case of those persons who pay the land revenue direct 
to Government, all of them, though called by different names and holding 
tenures of different kinds in different parts of the country, have always 
under Briti.sh rule, at least during the present century, had the benefit of 
security of tenure. In many parts of the country, particularly in portions 
of Northern and Western India, where the old Hindu institutions success- 
fully reasserted themselves against Muhammadan supicmacy, or where 
that supremacy was never effectual, or where wise Muhammadan em- 
perors or governors laid down fairly lasting lines of revenue administra- 
tion conceived in the Hindu spirit, the revenue-payers are very commonly, 
though by no means invariably, themselves the actual cultivators, and a 
claas of tenants interposed between them and the soil, though it occurs, 
is not general. Even in these provinces there is a tenant question ; the 
stratification of Indian society, indeed, bears witness almost everywhere 
to the superposition of race upon race, or tribe upon tribe, duo doubtless 
to untold ages of internal warfare and successive invasions of new 
tribes or races from without. In other parts of the country wo foundi 
the old state of things terribly confused and almost entirely obliterated 
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bj tbe misrule of the mushroom Muhammadan governments that sprang 
Up outside the spheres of influence of the Sikhs and Mahrattas in the 
wide ruins left by tlie downfall of the Delhi Empire. The cruel and 
grasping expedient of farming the revenues adopted by our unscrupulous 
predecessors, and continued for a space by ourselves when we had not 
the knowledge or experience to enable us to dispense with it, left us in 
large provinces a tangled wob of tenures which we are only now getting 
straight. Since 1880, when the Famine Commissioners submitted their 
report, the whole law of landlord and tenant has been thoroughly recon- 
sidered, both in the light of their recommendations and in accordance 
with local needs and proposals, in Bengal, in the North-West Provinces, 
in Oudh, in the Punjab, and in the Central Provinces ; that is, the best 
efforts of the Government and of the most competent officials and other 
persons whom it could consult have been given to the amelioration of 
land tenure in the whole of Northern India, so far as it is British, from 
the Himalaya to far below the Nerbudda and Tapti, and from Peshawar 
almost to ]\Ianipur. In the same period the land revenue law, that is, 
the law for the assessment and collection of the land revenue, vitally 
affecting the economic conditions of the country, has been carefully 
revised in the Central Provinces and the Punjab. How extensive and 
how onerous these tasks have been few know besides those who havo 
had to deal with them. To iny mind they are, in their successful com- 
pletion, agricultural improvements of the first consequence ; and na 
economist can impute to the State misguided intervention here. No 
hand but that of the law could hold the balance between the conflicting 
interests of those who draw their livelihood from the soil, and who have 
learnt from our inevitable accentuation of individual right, derived from 
Western theories of legal equality, to enforce, by legal processes, in 
novel and powerful courts of justice, their antagonistic claims. Nor 
could any authority but that of the State itself determine from time to 
time the most suitable methods of assessing and collecting that public 
demand, wholly unlike any impost in this country, which may, according 
to our point of view, be described as a land-tax or a State rental. 

There was another set of proposals made by the Famine Commissioners* 
which has produced and is producing very important effects in India. 
As they advised, the Revenue and Agricultural Department of the 
Supreme Government, which had been temporarily in abeyance, was 
quickly revived. In all the great provinces ollicers have been appointed 
under the designation of directors of land records and agriculture, or of 
commissioners of settlements and agriculture, whose duty it is, under 
the Local Governments and Administrations, to supervise the detailed 
execution of that policy of agricultural inquiry upon which it was a main- 
object of the Famine Commissioners to insist. It is a recommendation 
of that policy that it is founded on native institutions of great antiquity 
and wide extent ; and it is only so far new that it utilises them for 
beneficent purposes that were unknown to our predecessors, and too 
little realised by ourselves, until the examination of the evidence con- 
nected with a series of famines produced the abiding conviction that the 
effort to prevent or circumscribe, or at least to mitigate, those disastrous 
evils is amongst the first, duties of the State in India. Wherever a just 
and careful assessment of the land-revenue demand has been made in 
temporarily settled districts, the basis of it has been sound agricultural 
inquiry. Practically the Famine Commissioners may be said to have 
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pointed out that the sort of knowledge of the agricultural conditions of 
an Indian district necessarily gathered by an assessing officer in the 
process of fixing the land-revenue demand for a term of years ought, for 
the proper administration of the charge, to be continuously available 
during that term of years to every officer in charge of a district. The 
foundation of this knowledge is the returns and records which are 
annually prepared by the village accountants — officials, usually hereditary 
officials, who have existed in India for ages before our time. Attention 
has therefore been directed to the improvement of this indigenous 
agency and to its more efiective supervision in each district by a staff of 
native officials acting under the orders of the district officer and his 
principal assistants. The object in view has been to provide for each village 
a record, always kept up to date, of all essential particulars bearing on 
its agricultural efficiency, so that from harvest to harvest the responsible 
functionaries may be supplied with sufficient and trustworthy infor- 
mation as to the extent and character of the crops grown, as to the 
prosperous or depressed condition of the peasantry, and as to any risk 
there may be of famine or scarcity. In this way, if famine comes, it will 
take no one by surprise, and those concerned will be able to battle with 
it to the best advantage, because they will possess detailed knowledge of 
the actual circumstances of particular tracts. If scarcity comes, not 
amounting to famine, the district officer by timely suspensions or re- 
missions of the land-revenue demand, or by tlio institution of timely 
relief works, if reejnired, may be able to avert that terrible weakening of 
the health of the people, due to hard times, which when the sickly 
autumn months come round culminates in appalling mortality. If there 
is neither famine nor scarcity the continuous maintenance of correct 
records of the state of agriculture will enable the next reassessment of 
the land revenue to be made with speed, and in proportion as the whole 
system is efiicient, the people will bo spared, at intervals of twenty or 
thirty years, the harassment of inquiries by a small army of stmngo 
officials, and that cruel drag upon agricultural improvement which 
consists of prolonged uncertainty as to the rate of land-tax or State rent 
that they will have to pay. 

If the first great work which in part resulted from, or at least was 
largely influenced by, the labours of the Famine Commission was the 
revision of the law of landlord and tenant in Upper India, the second 
great work has been this thorough and extensive organisation of agri- 
cultural inquiry which I have been endeavouring to describe. There is 
a third great work which deserves mention, though it is not really com- 
parable in extent and complexity with the other two. In each province 
a famine code has been prepared which will serve as a manual of famine 
relief for the guidance of all concerned on the next occurrence of famine. 
I have already explained that due regard is being paid to the extension 
of canal irrigation. As to railway extension, as probably the most 
powerful of all prophylactics against famine, I leave that subject for the 
next paper, which is to deal with recent improvements in commuui- 
cations. I will ouljr remark, lest I appear to have overlooked so very 
important an item in agricultural conditions, that in India generally, 
including native states, there were 8,492 miles of railway open in 1879- 
80, and that there were open in 1889-90 (by the last return), 16,097 
miles. The railway mileage has thus been nearly doubled in eleven years, 

1 soppose I ought also to say a very few words on what are known as 
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agricultural improvements in this country of peace and plenty, where, in 
these days, famine never comes, and where farming is a business con- 
ducted on business principles, not the sole means of subsistence for the 
vast mass of the population. You will anticipate the general drift of my 
remarks when I say that 1 agree with those who hold that we have far 
more to learn from the Indian peasant about Indian agriculture than, 
even with the resources of science at command, we are at all likely, 
for some time to come, to be able to teach him. Reforms have been 
attempted — the introduction of new crops, improvements in the methods 
of cultivating the ordinary crops of the country, the adaptation of English 
or other machinery to Indian conditions, and the breeding of cattle. 
Anything I might tell you under these heads would be a mere repetition 
of what is said in Part II. of the ‘ Report of the Famine Commission,^ 
pp. 137-9. Of the important staples successfully introduced — viz., tea, 
coffee, the Mauritius sugar cane, New Orleans cotton, cinchona, and 
potatoes — it may, however, bo interesting to mention, in connection with 
British trade, the areas now cultivated with coffee and tea. The coffee 
area has slightly contracted. It was some 121,000 acres in 1884-5, and 
some 118,000 in 1889-90. In the same period the area under tea has 
risen from nearly 130,000 acres to more than 250,000. In my own pro- 
vince, the Punjab, the breed of horses has certainly been improved within 
my recollection. For the rest, I will only say that the Indian agricul- 
turist is well aware of the value of manure, but with reference to the 
vast distances that have to be traversed, and to some other considerations, 
either could not afford to buy or would be unwilling to use imported 
manure.s, while be wants a great part of his farmyard manure for fuel. 
There are many practical difficulties in the way of the employment of 
English ploughs and of deep ploughing; and expensive machines worked 
by steam, which could not bo mended by village blacksmiths, are out of 
the question for peasant holders of small plots scattered in villages over 
the face of a vast, very primitive country. The most that can be said, I 
think, is that the Indian peasant may possibly plough deep, use more 
manure, and abstain from drenching the soil with all the water he can 
let on to it, when he is convinced that an alteration of practice in these 
respects will be profitable to himself in his lifetime. AVe have hitherto 
entirely failed to demonstrate to his satisfaction the pecuniary advantage 
of a change. Our efforts, too, in technical education in agriculture have 
not, so far, either reached or formed the practical firmer. They have 
merely resulted in a new brood of hungry aspirants for employment as 
officials. 

I hope that in the space I have at my disposal I have been able to 
make it sufficiently clear that in speaking of such a primitive country as 
India we cannot use such an expression as the development of agricul- 
ture in quite the same sense in which we apply it to the highly cultivated 
and civilised countries of Europe at the present day. Famine, it has 
been well said, is one of the diseases of the infancy of nations j and at 
present our best efforts are needed rather to prevent or mitigate that 
sudden and terrible deterioration of agriculture which is implied in 
famine than to convert the empiricism of a thousand generations to 
Western beliefs in scientific farming, I do not deny that to improve 
agricultural methods is a part of the means of famine prevention ; but I 
would add that another disease of the infancy of nations is chronic war. 
To England, to this land of ours where there is indeed much poverty. 
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famine, as I have said, never comes, pestilence but rarely, and vre have 
almost forpfotten that the fire and sword of the invader or freebooter were 
for centuries part of the ordinary lot of human kind. Those touching 
and familiar supplications for deliverance from plague, pestilence and 
famine, from battle and murder, and that peace may be given in our time, 
have happily lost here that sort of significance which attaches to an 
attempt to ward ofi’ evils known in all their bitterness by personal and 
recent experience. In India we are far nearer to the actual conditions 
of society which existed when that litany was framed upon which ours 
was largely modelled. In India we have given the land peace ; and that 
is, indeed, one of the greatest of all agricultural improvements, as any- 
one knows well enough who has seen on or beyond the Indian north- 
west frontier armed men ploughing their fields, armed sheplierds and 
graziers pasturing their flocks, and the >*iIlago towers of refuge dotted 
about the village lands, lest perchance there should come some band of 
raiders too strong to be dealt with in the open plain. We have given 
the land peace and must maintain it. That alone is no light task. We 
must also decide justly those conflicting claims of various sections of 
the people which have arisen in part from the imposition of civilised rule 
upon primitive societies and in part from centuries of incessant violence 
and w'ar ; and we must be prepared to face pestilence and famine, and 
when they come, to do onr best to mitigate tbeir ravages. I do not say 
that in securing all this we should neglect agricnltnral chemistry and 
experimental farms. I only say that in promoting thesii means of agri. 
cultural improvement we must not forget their relative importance in 
view of some of the first duties which Indian Governments have to dis- 
charge. 

In India three important committees have lately assembled to consider 
agricultural affairs. A Bombay committee, which reported on July 8, 
1890, recommended an increase in tlio number of experimental farms, the 
establishment of cattle farms, and an increased expenditure on seed for 
distribution and improved macliinery aiul implements. The Madras 
Government on the 4th of the sarni) month, reviewing tlie report of the 
Madras Committee, condemned in some lively sarcasms the operations of 
the past, noting that the amonnt of real good secured had been infinitesi- 
mal, and that tlie greater part of the money whieh had been spent on 
agricultural improvement and education in the Afadras Presidency had 
been thrown away. A project was approved for the establishment of 
combined agricultural schools and farms at or near the bead(|uarters of 
five representative districts, the College of Agriculture w’as to be main- 
tained with some improvements in its course, and the branch of the 
Agricultural Department which dealt with cattle disease w’as to be abo- 
lished. The third committee was held in October 1890 under the presi- 
dency of Sir Edward Buck. It wa.s mainly the outcome of the mission 
of Dr. Voelcker, the agricultural chemist to the Rcyal Agricultural Society 
of England, who was deputed to India by the Secretary of State to 
investigate the conditions under which action may usefully be taken in 
connection with agricultural experiments in that country. The Com- 
mittee proposed the appointment of an agricultural chemist in India for 
a term of seven years ; the maintenance in each province of a system of 
farms for inquiry and experiment ; the better extension of primary 
education amongst the agricultural classes ; and the combination of 
instruction in agriculture with the existing course of instruction. In 
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eeveral of these matters past experience alone would hardly justify any 
sanguine expectation of great results. But let us trust that the sober 
and serious spirit of resolve to try again with more system and with a 
frank recognition of past mistakes — a spirit which, I think, may be said 
to characterise all these proceedings — may lead in course of time to 
improvements which will, at all events, beat the past record. I will 
venture to add a suggestion for the consideration of the authorities. 
More than a decade has now elapsed since the submission of the Report of 
the Famine Commission. It contained a vast number of detailed proposals. 
I have not troubled you to-day with more than a very few of the leading 
heads, hut I may mention that the second part of the report, dealing with 
measures of protection against famine and its prevention, suggests a great 
number of administrative changes, many of which have since come under 
separate consideration. I may instance the general organisation of the 
superior official staff — since the subject of the labours of the Public Service 
Commission ; the relations of landlord and tenant ; the assessment and 
collection of the land revenue ; the indebtedness of the landed classes ; the 
policy of Government in regard to railways and canals, emigration, and 
forest conservancy ; and the encouragement of diversity in occupations. 
Would it not be a good employment for the next Agricultural Committee 
assembled in India to refer one by one to all the proposals in the second 
part of the report of the Famine Commission that were approved by the 
Secretary of State, and to report, for the information of Government and 
the public, what proposals have been carried out and in what manner, 
what still remain for consideration, and whether any of these should be 
taken up and put into execution now ? As a study of Indian agricultural 
conditions and of the principal problems bearing upon agriculture in 
India, I do not think it likely that the report of the Famine Commissioners 
will, in this generation, be excelled ; and I am sure all who have looked 
into that most valuable record will agree with me that very full justice 
should be done to the gteat knowledge of Indian life, character, physical 
surroundings, and possibilities which it displays throughout. Sir EJdward 
Buck, in his address to the Committee of October last, w’as careful to 
point out that the gradual establishment of a sound system of scientific 
investigation and of education in connection with agriculture was the 
next point to be taken up in ihe approved programme of the Famine 
Commission. Without disputing that view or undervaluing in any way 
the possibilities of important additions to knowledge and of improvement 
which may result from tlie employment of a first-class expert, I merely 
wish to draw attention to the wider measure of a general examination at 
this date of the scheme of the Famine Commission considered as a whole. 
The remarks made in this paper have necessarily been alight, and have 
dealt much more with the conditions of Indian agriculture than with the 
eonnectiou between Indian agriculture and British trade. I hope that 
part of the subject will be more fully discussed by other speakers. If such 
an examination of the views of the Famine Commission as I have here 
suggested be undertaken in India within the next two or three years, the 
time spent on this paper will not, I trust, prove to have been altogether 
thrown away. . • 

I will, in conclusion, refer to one proposal made by the Famine Com- 
missioners which, I think, might bo revived with advantage. At present 
members of the Indian Civil Service are forbidden to bold land in the 
provinces where they are employed. No doubt it is undesirable that 
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Indian Civil Servants should farm for profit. They must not be distracted 
from their official duties or have interests that might clash with those 
duties, or be even open to suspicion of irregularities in dealings with 
tenants or labourers or traders in produce. But these objections would 
hardly apply to district officers permitted to hold small areas of 50 or 100^ 
acres on lease for purposes of recreation and experiment. If this per- 
mission were given to the comparatively few who would care to have it, 
a good deal of practical experience of much value might be accumulated. 

Statement A. — Cultivated Area. 


Tear 

ISIadraa 

Bombay 
and Sindh 

N.W.P. 

Oudh 

Punjab 

Total (oxclud- 
ing Bon gal) 

1884-6 

21,331,674 

25,966,024 

22,244,013 

8,761,086 

22,553,701 

12.5,955,122 

1885-6 

22,463,253 

25,424,532 

25,102,07r> 

8,819,063 

20,512,118 

138,282,535 

1886-7 

23,004,643 

26,355,020 

25,466,860 

8,801,909 

18,387,661 

128,316,277 

1887-8 

23,326,272 

26,352,8(>5 

2.>,244,37H 

8,828,303 

20,586,028 

131,231,180 

1888-0 

23,157,408 

26,928,850 

i 24,820,060 

1 8,857,670 

20,720,6‘)5 

131,653,056 

1889-90 

23,797,036 

28,088,956 

25,123.483 

8,873,699 

19,107,513 

136,168,899 


Statement B. — Area Irrigated. 


Year 

Madras 

Bombay 
and Sindh 

X.W.P. 

Oudh 

Punjab 

Total (exclud- 
ing Bengal) 

1884-5 

5,546,191 

Statistics 

not 

available 

6,820,931 

2,067,765 

6,672,966 

22,470,214 

1885-6 

6,815,378 

2,440,620 

6,820,559 

1,928,068 

6,635,061 

23,098,822 

1886-7 

6,999,922 

2, .305, 974 

5,568,043 

2,260,446 

6,566,502 

23,250,530 

1887-8 

6,234,432 

i 2,417,836 
2,835,376 

6,208,200 

2,448,267 

6,000,682 

21,036,091 

1888-9 

6,231,338 

6,232,092 

2,406,996 

7,379,203 

26,343,510 

1889-90 

6,398,285 

3,363,024 

6,603,541 

2,507,510 

7,487,483 

27,722,441 


Statement Q.—Funjah Canals. 



I. 

II. 

III. 

1 IV. 

V. 

VI. 


Swat 

River 

Canal 

Western 

Jumna 

Canal 

Sirsa Branch 
We.stem 
Jumna Canal 

Bari 

Dodb 

Canal 

Sirhind 

Canal 

Chenab 

Canal 

Area Irrigable — 

By complete project 
At present 

Acres 

120,000 

120,000 

Acres 

550.000 

650.000 

Acres 
175,200* 
Under con- 
struction 

Acres 

525.000 

626.000 

Acres 

800,000* 

778,000* 

Acres 
400,00t 
148, OOt 

Mileage of norks as 
fum srmciioned — 

Miles 

Miles 

Miles 

Miles 

Miles 

Miles 

1. Main and branch 

22 

' 280 

138 

362 

642 

126 

canals 

2. Distributaries 

129 

916 

628 

1,049 

4,413 

273 


The miles shown in this statement are canal miles of 5,000 feet. 


» British, 126,290; Native States, 48,910. Total, 176,200. 

* British, 622,000; Native States, 278,000. Total, 800,000. 
» British, 600,000; Native States, 278,000. Total, 778,000. 
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Statement D. — Area Irrigated hy Wells, 


Year 

Madras 

N.W.P. 

Oudh 

Punjab 

Total (includ- 
ing other 
Provinces) 

1885-6 , 

809,479 

2,926,169 

1,063,780 

3,831,061 

8,742,798 

1886-7 . 

816,648 

2,805,020 

956,015 

3,749,818 

8,489,666 

1887-8 . 

1,065,912 

3,104,326 

1,236,878 

3,839,447 

9,398,690 

1888-9 , 

1,100,083 

3,221,444 

1,247,290 

3,882,921 

9,618,466 

1889-90 . 

1,169,141 

3,462,484 

1,217,849 

3,959,427 

9,967,701 


The returns for 1884-5 are too imperfect to be worth abstracting. 


Statement E . — Coffee and Tea Culture. 


Year 

Coffee 

Tea 

Year 

Coffee 

Tea 

1884-5 . 

121,468 

129,314 

1887-8 . 

117,894 

234,176 

1885-6 . 

119,142 

219,111 

1888-9 . 

118,262 

241,077 

1886-7 . 

117,504 

227,268 

1889-90 . 

118,219 

251,672 
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Section A— MATHEMATICAL AKD PHYSICAL SCIENCE. 

ri:i;siJ)KNr of thk Section— Professor Oliv'ek J. Lodue., D Sc., LL.D., F.R.S. 


T/l[//?SBAry AVCrVST 20. 

The PiiT^siDENr deli veered the following Addres.s: — 

DriiiNo thi' pnst year three or four events call for special mention in an annual 
dcdnenince of tliis kind by a physicist. 

One IS the h^iraday centenary, which wa.s kept in a happy and simple manner 
bv a cosmopolitan gathering in the place «o long associated witli his work, and by 
discoui’se.s calling attention to tlie modern development of disco^ern*8 made by him. 

Another is tlie decease of the veteran AVilhelm Weber, one of the originatois 
of that absolute .system of measurement which, though still hardly grasped in its 
simplicity and completeness by the majority of men engaged in practice, nor even, 
J fear, wholly understood by some of those engaged in University teaching, has yet 
done so much, and is destined to do still more, for the unitication ot physical 
science, and for a thorough comprehension of its range and its limitations. 

A thinl event of importance during the year is the discovery in America of a 
liinary system of btar.«, i evolving round each othtr with grotesque haste, and with 
a proximity to each other such a.s to render their ordinaiy optical separation quite 
impossible. ldea.s concerning the future of such systems, if, as seems probable, 
their revolution pericKl is shorter than their axial period, will readily suggest them- 
selves, in accordance with the principles elaborated by Prof. George Darwiu. The 
subject raoie properly belongs to our President, but I may parenthetically exclaim 
at the singular absurdity of the notion which was once propounded by a philoso- 
pher, that motion of stars in our line of sight must for ever remain unknown to us ; 
whereas the mere time of revolution of a satellite, compared with its distance fiom 
its central body, is theoretically sufficient to give us information on this head. As 
n matter of pedagogy it is convenient to observe that the principle called Doppler's, 
which is generally known to apply to the periodic disturbances called Light and 
Sound, applies equally to all periodic occurrences; and tliat the explanation of 
anomalies of Jupiter’s first satellite by Roemer may he regarded as an instance of 
Doppler’s principle.^ Any disci’epancy between the observed and the calculated 
times of Tovolutiou of stars round each other can pos.«ibly be explained by a 
relative motion between us and the pair of bodies along the hue of sight. 

If our text-hooks clearly recognised this, we should not so often find exami- 
nation candidates asserting that the apparent time of revolution of a satellite of 
J upiter depends on the distance of the earth from that planet, instead of on the speed. 

• Dr. Huggins has just pointed out to me a perfectly clear statement to the 
above eJcct in I’lofc^sor Tait’s little book on Light. 

N K 2 
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I should indeed be eorry to be judged by the performance of my own student®, but I 
fear that many of the less obvious mistaKes made 1^ reasonably trained examination 
candidates are more directly traceable to their teachers than some of us as teacher® 
would like to admit. 

The change in the refrangibility of light by reason of the motion of ito 
source, though familiar enough now, was at first regarded as too small to be 
observed, and one or two attempts directed to detecting the effect of this principle 
on the spectra of the stars, or sometimes on sunlight reflected by a 45® mirror into 
the line of the earth’s motion (which is not a possible method), wholly failed. I take 
pleasure in remembering that this effect was clearly observed for the first time by the 
gentleman we this year honour as our President j and that it is by this very means 
that the latest sensational discovery in astronomy of the rapidly revolving twin 
star /!i-Aurig 80 , by Prof. Pickering and the staff connected with the Draper 
Memorial, was made. 

The funds for the investigation that led to this result were provided by Mrs. 
Draper, as a memonal to her late husband ; and if /3-Aurig» does not constitute a 
satisfactory memorial, I am at a loss to conceive the kind of tombstone which the 
relations of a man of science would prefer. 

The fourth event to which it behoves me to refer is the practical discovery of 
a physical method for colour photography. When I say practical I do not mean 
corainwrcial, nor do I know that it wdll ever become applicable to the ordinary 
business of the photographer. Whether it does or not, it is a sound achievement 
by physical means of a result which the chemical means hitherto tried failed, some 
think necessarily failed, to produce. I say practical, because already it had been 
suggested as possible theoretically ; and a step toward it, indeed very near it, had 
been actually made. The first suggestion of the method, so far as I know, was 
made by Lord Rayleigh in the course of a mathematical paper on the reflection of 
light, and with remrence to some results of Becquerel obtained on a totally different 
plan. He said in a note that if by normal reflection waves of light were converted 
into stationary waves, they could shake out silver in strata half a wave-length 
apart, and that such strata would give selective reflection and show iridescence. 

The colour of certain crystals of chlorate of potash, described in a precise 
manner by Sir George Stokes,* and also the colours of opal and ancient glass, had 
been elaborately and completely explained by Lord Kayleigh on this theory of a 
periodic structure (the laminated structure in the case of chlorate of potash being 
caused by twinning ; and he subsequently illustrated it with sound and a series of 
muslin discs one behind the other on a set of lazv-tongs. Each membrane re- 
flected an inappreciable amount, but successive equidistant membranes reinforced 
each other’s action, and the entire set reflected distinctly one definite note, of wave- 
length twice the distance between adjacent muslins. So also with any series of 
equidistant strata each very slightly reflecting. They should give selective reflection, 
and the spectrum of their reflected beam should show a single line or narrow band, 
corresponding to a wave-length twice the distance of the strata apart.® 

» Proc. Soc. Feb. 3885. ’ Phil. Mag. Sept. 1888, pp. 256 and 241. 

* The footnote of Ix>rd Kayleigh on page 158, Phil. Mag. 1887, vol. xxiv., is brief 
and forcible enough to quote in full ‘ A detailed experimental examination of the 
various cases in which a laminated .structure leads to a powerful but liighly selected 
reflection would be of value. The most freejuent examples are met with in the organic 
world It has occurred to me that Becquerel’s reproduction of the spectrum in 
natural colours upon silver plates may perhaps be explicable in this manner. The 
various parts of the film of subchloride of silver with which the metal is coated may 
be conceived to be subjected during exposure to ttatimary luminous waves of nearly 
delinite wave-length, the effect of which might be to impress upon the substance a 
periodic structure occurring at intervals equal to half the wave-length of light; just 
as a sensitive flameexposed to .stationary sonorous waves is influenced at the loops, but 
cot at the nodes {Phil. Mag. March 1879, p. 163). In this way the operation of any 
kind of light would be to pro<lttce ju.st such a mcKlification of the film a.s would cause 
it to n ‘fleet copiously that particular kind of light. I abstain at pre.sent from de- 
veloping this suggestion, in the hope of soon finding an opportunity of making my- 
self experiment^y acquainted with the subject,* 
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Independently of all this, Herr Otto Wiener, imitating Hertz’jg experiments 
with ordinary light, in 1880 reflected a beam directly back on itself, and, by inter- 
posing a very thin collodion film at extraordinarily oblique incidence, succe^ed in 
the difficult experiment of so magnifying by the coeme of inclination the half 
wave-length, as to get the silver deposited in strata of visible width, and thus to 
photograph the interference nodes themselves at the places where they were cut by 
the plane of the film.^ 

Then M. Lippmann, using a thicker film, not put obliquely but normal to the 
light, obtained the strata within the thickness of the film itself — hundreds of 
layers ; and so, employing incidence light of definite wave-length, was able to pro- 
duce a stratified deposit, which reflected back at appropriate incidence the same 
wave-length as produced it; thus reproducing, of course, the- definite colour. 

It is probable that the silver is first shaken out at the ventral segments, but 
that the strata so formed are thick and blurry. I conjecture that by over-exposure 
this deposit is nearly all mopped up again, traces neing left onfy at the nodes, 
where the action is very feeble and takes a long time to occur ; but that these 
residual strata, being fairly sliarp and definite, would be likely to give much better 
effects. And so I suppose that these are what are actually effective in obtaining 
M. Lippmann’s very interesting, though not yet practically useful, result, 

I now leave the retrospect of what has been done, although many other topics 
might usefully detain us, and I proceed to glance forward at the progress ahead 
and at the means we have for effectively grappling with our due share of it. 

There is a subject which has long been in my mind, and which I determined to 
bring forward whenever I had a cathedral opportunity of doing so; and now, if 
e\er, is a suitable pccasion. It is to call attention to the fact that the further 
progress of pin sical science in the somewhat haphazard and amateur fashion in 
which it has been hitherto pursued in this country is becoming increasingly difficult, 
and that the quantitative portion especially should he undertaken in a permanent 
and public 'y-siipported physical laboratory on a large scale. If such an establish- 
ment were likely to weaKen the sinews of private enterprise and individual research 
it should be strenuously opposed ; but, in my opinion, it would have the opposite 
effect, by relieving the private worker of much which he can only undertake with 
great difficulty, sacrifice, and expense. To illustrate more precisely what I 
mean, it is sufficient to recall the case of astronomy. The amateur astronomer has 
much work lying ready to his hand, and he grapples with it manfully. To him is 
left the striking out of new lines and the guerilla warfare of science. Skirmishing 
and brilliant cavalry evolutions are bis natural field : he should not be called upon 
to take part in the general infantry advance. It is wasting his energies, and he 
could not. in the long run do it well. What, for instance, would have been the 
state of nstronometry — the nautical almanac department of astronomy — without 
the consecutive and systematic work of the National Observatory at Greenwich Y 
It may be that some enthusiastic amateurs would have devoted their fives to this 
routine kind of work, and here at one time and there at another a series of accurate 
observations would have been kent for several years. Pursued in that way, how- 
ever, not only would the effort oe spasmodic and temporary, but the energy and 
enthu.siasm of those amateurs would have been diverted from the pioneering more 
suited to them, and would have been cramped in the groove of routine, eminently 
adapted to a permanent official staff’ but not wholesome for an individual. 

Long-continued consecutive observations may be made by a leader of science, 
as functions may be tabulated by an eminent mathematician ; but if the work can 
be done almost equally well (some would say better) by a profehsioual observer or 
computator, how great on economy results. 

Now all this applies equally to physics. The ohm has been determined 
with 4-figure, perhaps with 6-figure, accuracy ; but think of the list of eminent 
men to whose severe personal labour we owe this result, and ask if the spoil is worth 
the cost. Perhaps in this case it is, as a specimen of a well-conducted determina- 
tion. We must have a few specimens, and our leaders must show lus the way to do 
things. But let us not continue to use them for such purposes much longer. Tho 

* Wiedemann's AnnaUn, vol. zl. 1890. 
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qTiest of the fifth or sixth decimal is a very legitimate, and may become a very 
ubsorbing*, quest, but there are plenty of the rank and file who can undertake it if 
properly generalled and led: not as isolated individuals, but as worlcers in a 
^rational Laboratory under a competent head and a governing committee. By this 
means work far greater in quantity, and in the long run more exact in quality, can 
be turned out, by patient and conscientious labour without much genius, by the 
gradual impro\euient of instrumental means, hy the skill acquired by practice, and 
by the steady drudgery of routine. Paris has long had one form of such an 
institution, in the (Conservatoire desArts et M(^tiers,ar)d has been able to impose the 
metric system on the civilised world in consequence. It can also point to the classical 
determinations of Regnault as the fruits of just such a system, Berlin is now 
starting a similar or a more ambitious scheme for a ))ermnnent National Physical 
Institute. Is it not time that England, who in physical science, I venture to think, 
may in some sort claim a leading place, should be tliinking' of starting the same 
movement ? 

The Meteorological and Magnetic Observatory at Kew (in the inauguration of 
which this Association took so large a part) is a step ; and much useful quantitative 
work IS done there. The new Electric Standardizing Laboratory of the Board of 
Trade is another and, in some respect-^ perhaps, a still closer approximation to 
Idncl of thing 1 advocate. But what 1 want to see is a much larger establishment, 
erected on the most suitable site, limited bv no specialty of aim nor by the demands 
of the commercial world, furnished with all ap]>ropriate appliances, to be amended 
aial added to as time goes on and experience g-rows, atul iiiNested witli all the dignity 
and permanence of a national institution: a Physical Obser\ atorv, in fact,prt*cisely 
comparable to the Greenwich Ob'ervatory, and aiming at the a tiiy higlie'^t (juanti- 
tative work in all departments of physical science. Tliat the aits N\o\ild be henetitcd 
may he assumed without proof. It is largely the necessity of engineers that has 
inspired the amount of accuracy in electrical matters already attained. "Jdie work 
and appliances of the mechanical engineer eclipse the present achievements of the 
physicist in point of accuracy, and it is by the aid of the mechanician and optician 
that precision even in astronomy has reached so high a stage. There i.s no reason 
why phyvSjcal determinations should be conducted in an amateur fashion, with 
comparatively imperfect instruments, as at. present they mostly are. Dis<‘ 0 \ cries 
lie along’ the path of extreme accuracy, and they will turn up in the most uiiex- 
pected way. The aberration of light would not have been discovered had not 
Bradley been able to mea.^ure to less tlian 1 part in 10,0fX); and uhat a brilliant and 
momentous discover^" it was! lie was aiming at the di‘t»*ction of stellar parallax, 
hut the finite velocity of light was a greater discovery than any parallax. This is 
the type of result which sometimes lurks in the fifth decimal, and which confers 
upon it an importance beside which the demands of men who wish to ser^e the taste 
and the pocket of the British public .sink into insignilicance. 

In a National Observatory acciirac}’’ should be the one great end : the utmost 
accuracy in every determination that i.s decided on and made. ( )nlv one thing 
should 1)0 more thought of than the fifth significant figure, and that is the sixth. 
The con.sequences flowing from the results may safely be left ; sutdi ns are not 
obvious at once will dustil themselves out in time. And the great army of ontsiih^ 
physicists, assured of the good work being done at headquarters, will (to .speak 
again in astronomical parable) cease from peddling with taking transits or 
altitude.s, and will be free to di.scover comets, to invent the spectroscope, to watch 
solar phenomena, to chemically analyse the stars, to devise celestial photography, 
and to elaborate still more celestial theories; all of which noveltie.s may in 
their maturity be handed over to the National Observatory, to be henc<‘fortli incor- 
porated with, and made part of, its routine life ; leaving the advance guard and 
skirmishers free to explore fresh territory, secure in the knowledge that what 
they have acquired will be properly surveyed, mopped, and utilised, without further 
attention from them. As to the practical applications, they may in any ca.‘>e be 
left to take care of themselves. Tne instinct of humanity in this direction, and 
the so-called solid gains associated with practical acliievement.s, will alwaya 
secure a sufficient number of acute and energetic workers to turn the new territory 
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into araWe land and pasture adapted to the demands of the average man. The 
labour of the agriculturist in rendering soil fertile is, of course, beyond praise j 
but it is not the work of the pioneer. As Mr. Huxley eloquently put it, when con- 
trasting the application of science with the advance of science itself, speaking 
of the things oi commercial value which the physical philosopher sometimes dis- 
covers: — ‘Great is the rejoicing of those who are benefited thereby, and, for the 
moment, science is the Diana of all the craftsmen. But even while the cries of 
jubilation resound, and tliis flotsam and jetsam of the tide of investigation is being 
turned into the wages of Avorkmen and the wealth of capitalists, the crest of the 
wave of scientific investigation is far away on its course over the illimitable ocean 
of the unknown.’ 

I have spoken of the woik of the National I^aboratory as devoted to accuracy. 
It is hardly necessary to say that the laboratory will be also the natural custodian 
of our standards, in a state fit for use and for comparison witli copies sent to be 
certified. Else perhaps some day our .standard ohm may be buried in a brick wall 
at Westminster, and no one living may be able to recall precisely where it is. 

Blit, in addition to these main functions, there is another, equally important 
with them, to which I must briefly refer. There are many ex])eriments which 
cunnot ])Ossibly be condnctinl by an luilividual, because forty or fifty years is not 
long enough for them. Such are secular experiments on the properties of materials 
-the elahticity of metals, for instance ; the effect of time on molecular arrangement ; 
the inffiience of long exposure to liglit, or to heat, or to mechanical vibration, or to 
other physical agents. 

Does the pormeability of soft iron decay with age, by rea.son of the gradual 
cessation of its Ampeviaii currents ? Do gases cool themselves when adiabaticallv 
])reserAed, hy reason of imperfect elasticity or too many degrees of freedom of their 
molecules ? Unlikely, hut not impossiiile. Do thermo-electric properties alter with 
time y And a inultdiide of other experiments which appear specially applicable to 
substances in tin* solid state — a state which is more complicirted, and has been 
less investigated, than either the liquid or the gaseous : a state in which time and 
past history play an important part. 

Upon whichever of these long researches we may decide to enter, a National 
Laboratory, with permanent traditions and a continuous life, is undoubtedly the only 
appropriate place. .\t sucli a place as (Basgow the exceptional magnitude cf a 
present occupant may indt'ed inspir<^ sufficient piety in a succes.s()r to secure the 
contiuuaiice of wliat has been there begun ; but in nust college laboratories, under 
conditions of migration, interregnum, and a newrdgin e, continuity of investigation 
is liopelcss. 

I have at any rate said enough to indicate the kind of work for wliich the 
establishment of a well-furiiidied laboratory with fully equipped staff’ is desirable, 
and I do not think that Ave, as a nation, shall be taking our proper share of the 
highest scientific work of the world until such an institution is started on its career. 

There is only one e\il Avliich, j-o far as I can see, is to be feared from it : if ever 
it AA’ere allowed to impose on out-dde workers as a central authority, from whicli 
infallible dicta Avere issued, it Avoiild be an evil so great that no amount of good 
work carried on by it could be pleaded as .sufficient mitigation. 

If ever by evil chance such an attitude were attempted, it must rest with the 
workers of tlie future to see that they permit no such shackles ; for if they are not 
competent to be independent, and to contemn the voice of authority speaking as 
mere authority, if their only safeguard lies in the absence of necessity for struggle 
and effort, they cannot long hope to escape from the futility AV'hich surely awaits 
them in other directions. 

I am thus led to take a wider range, and, leaving temporary and sjiecial con- 
siderations, to speak of a topic which is as yet beyond the pale of scientific orthodoxy, 
and which I might, perhaps more wisely, leave lying by the roadside. 1 will, 
however, take the risk of introducing a rather ill-favoured and disreputable looking 
stranger to your consideration, in the belief — I might say, in the assured conviction 
— that he is not all scamp, and that his present condition is as much due to our 
long- continued neglect as to any inherent incapacity for improvement in the subject. 
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I wish, however, strenuously to guard against its being supposed that this 
Association, in its corporate capacity, lends its countenance to, or looks with 
any favour on, the outcast. What I have to say — end after all it will not 
be much— must rest on my own responsibility. I should be very sorry for any 
adventitious weight to attach to my observations on forbidden topics from the 
accident of their being delivered from this chair. At the same time not only do I 
claim the right to express myself concerning matters on which I have worked, but 
1 conceive it to be a duty, from which, if I shrank, I should shrink from no higher 
motive than simple cowardice, though I know them to be topics on which it is quite 
impossible, as well as undesirable, for everyone to think alike. 

It is but a platitude to say that our clear and conscious aim should always be truth, 
and that no lower or meaner staudai^ should ever be allowed to obtrude itself before 
us. Our ancestors fought hard and suffered much for the privilege of free and open 
inquiry, for the right of conducting investigation untrammelled by prejudice and fore- 
gone conclusions, and they were ready to examine into any phenomenon which pre- 
sented itself. This attitude of mind is perhaps necessarily less prominent now, 
when so much knowdedge has been gained, and when the labours of many indivi- 
duals may be rightly directed entirely to its systematisation and to the study of its 
inner ramifications ; but it would be a great pity if a too absorbed attention to what 
has already been acquired, and to the fringe of ten-itoi y lying immediately adjacent 
thereto, were to end in our losing the power of raising our eyes and receiving 
evidence of a totally fresh kind, of perceiving the existence of regions into which the 
same processes of inquiry as had proved so fruitful might be extended, wdtb re- 
sults at present incalculable and perhaps wliolly unexptcted. I myself think that 
the ordinary processes of observation and experiment are establishing the exist- 
ence of such a region ; that in fact they have already established the truth of some 
phenomena not at present contemplated by science, and to which the orthodox man 
shuts his ears. 

For instance, there is the question w'hether it has or has not been established 
by direct experiment that a method of communication exists between mind and 
mind irrespective of the ordinary channels of consciousness and the known organa 
of sense, and if so, what is the process r' It can hardly Ije through some unknown 
sense organ, but it may be by some direct ph^sical influence on the ether, or it 
may be in some srtill more subtle manner. Of the process I as yet know nothing. 
Further investigation is wanted. No one can exjiect others to accept his word for 
ail entirely new fact, except as e.stablishing a prima facie case for investigation. 

But I am only now taking ibis as an instance of what I mean ; whether it lie 
a truth or a fiction, I doubt if one of tlie recc^nised scientific societies would receive 
a paper on the subject. What I wish is to signalise a danger — which I believe 
to be actual and serious — that investigation in tiiis and cognate subjects may he 
checked and hampered by active hostility to these researches on the part of the 
majority of scientific men, and a determined opposition to the reception or discus- 
sion of evidence. 

That individuals should decline to consider such matters is natural enough ; they 
may be otherwise occupied and interested. Ever>body is by no means bound to in- 
vestigate everything ; though, indeed, it is customary in most fields of knowledge 
for those who have kept aloof from a particular inquiry to defer in moderation to 
those who have conducted it, without feeling themselves called upon to express an 
opinion. But it is not of the action of individuals that I wish to speak, it is of the 
attitude to be adopted by scientific bodies in their corporate capacity ; and for a 
corporate body of men of science, inheritors of the hard-won tradition of free and 
fearless inquiry into the facts of nature untrammelled by prejudice, for any such 
body to decline to receive evidence laboriously attained and discreetly and in- 
offensively presented by observ'ers of acceptcnl cfinipetency in other branches, 
would be, it ever actually done and persisted in, a terrible throwing away of their 
prerogative, and an imitation of the errors of a school of thought against which 
the struggle was at one time severe. 

In the early days of the Copernican theory, Galileo for some ]^ears refrained from 
teaching it, though fully believing its truth, because he considered that he had 
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better get more fully settled in his recent University chair before evoking the storm 
of academic controversy which the abandonment of the Ptolemaic system would 
arouse. The same thing literally is going on to-day. I know of men who hesitate 
to avow interest in these new investigations (I do not mean credence — the time is 
too early for avowing credence in any but the most rudimentary and definitely 
ascertained facts — but hesitate to avow interest) until they have settled down 
more securely and made a name for themselves in other lines. Caution and slow 
progress are extremely necessary ; fear of avowing interest or of examining into 
unorthodox facts is, I venture to say, not in accordance with the highest traditions 
of the scientific attitude. 

We are, I suppose, to some extent afraid of each other, but we are still more 
afraid of ourselves. We have great respect for the opinions of our elders and 
superiors; we find the matter diatasteiul to them, so we are silent. We have, 
moreover, a righteous mistrust of our own powers and knowledge ; we perceive 
that it is a wdde region extending into several already cultivated branches of 
science, that a many-sided and highly -trained mind is necessary adequately to cope 
with all its ramifications, that in the absence of strict inquiry imposture has been 
rampant in some portions of it lor centuries, and that unless w'e are preternaturaliy 
careful we may get led into quagmires if we venture on it at all. 

Now let me be more definite, and try to state w'hat this field is, the explora- 
tion of which is regarded as so dangerous. I might call it the borderland 
of physics and psycliolog}. 1 might call it the connection between lile and 
energy; or the connection between mind 'and matter. It is an intermediate region, 
bounded on the north by psychology, on the south by physics, on the east by phy- 
siology, and on the west by pathology and medicine. An occasional psychologist has 
groped down into it and become a metaphysician. An occasional physicist has 
wandered up into it and lost his base, to the horror of his quondam brethren. 
Biologists mostly look at it askance, or deny its existence. A few medical practi- 
tioners, after long maintenance of a similar attitude, have begun to annex a portion 
of its western frontier. The whole region seems to be inhabited mainly by savages, 
many of them, so far as we can judge from a distance, given to gross superstition. 
It may, for all I know, have been hastily travel sed and rudely surveyed by a few 
clear-eyed travellere ; but their legends concerning it are not very credible, certainly 
are not believed. 

Why not leave it to the metaphysicians I say it has been left to them long 
enough. They have explored it usually with insufticient equipment. The physical 
knowTedge of the great philosophers has been necessarily scanty ; and though the 
ideas which we owe to their genius may ultimately be of the greatest service 
to us as physicists, still their methods are not our methods. They may be said to 
have floated a balloon over the region with a looking-glass attached, in which 
they have caught queer and fragmentary glimpses. They may have seen more 
than we give tlieni credit for, but they appear to have guessed far more than they 
saw. 

Our method is different. We prefer to creep slowly from our base of physical 
knowledge, to engineer carefully as we go, establishing forts, making roads, and 
thoroughly exploring the country ; making a progress very slow, but very lasting. 
The psychologists from their side may meet us. I hope they will ; but one or 
other of us ought to begin. 

A vulnerable spot on our side seems to be the connection between life and 
energy. The conservation of energy has been so long established as to have become 
H commonplace. The relation of life to energy is not understood. Life is not 
energy, and the death of an animal affects the amount of energy no whit ; yet a 
live animal exerts control over energy which a dead one cannot. Life is a guiding 
or directing principle, disturbing to the physical world but not yet given a place in 
the scheme of physics. The transfer of energy is accounted for by the performance of 
work ; the guidance of energy needs no work, but demands force only. What is 
force? and how can living lieings exert it in the way they do. ^ As automata, 
operated on by preceding conditions — that is, by the past — say the mateiialists. Are 
we so sure that they are not controlled by the future too P In other words, that the 
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totality of tliin^rg, by wliicb everyone must admit that actions are guided, may not 
include the future ns well as the past, and that to attempt to deduce those actions from 
the past only will prove impossible.^ In some way matter can he moved, guided, 
disturbed, by tlie agency of living beings ; in some way there is a control, a 
directing-agency active, and events are caused at its choice and will that would 
not otherwise happen. 

A luminous and helpful idea is that time is but a relative mode of regarding 
things; we progress through phenomena at a certain definite pace, and this sub- 
jective advance we interpret in an objective manner, as it* events necessarily happened 
in this order and at thi8preci^e rate. lUit that may be only our mode of regarding 
them. The events may be in some sense existent always, both past and futnn‘, 
and it may he we who are arriving at them, not they which are happening. The 
analogy of a traveller in a railway train is useful. If he could never leave the 
train nor alter its pace, he would probably consider the landscapes as necessarily 
successive, and be unable to conceive their co-existence. 

The analogy of a solid cut into sections is closer. We recognise the universe 
in sections, and each section wo call the present. It is like the string of slices cut 
by a microtome ; it is onr way of stiuh ing the whole. But we may err in sup- 
posing that the body only exists in the slices which pass before our microscope in 
regular order and succession, 

We perceive, tlierefore, a possible fourth-dimensional aspect about time, the 
inexorableness of whose How maybe a natural part of our present limitations. And 
if once we grasp the idea that past and future may he actually existing, we can 
recognise that they may have a controlling influenceon all present action, and llie 
two together may constitute * the higher plane,’ or the totality of tilings, after which, 
as it seems to me, we are i mix'! led to seek, in connection with the directing of fore** 
or determinism, and the action of living beings con.<‘ciously directed to a delinite and 
preconceived end. 

Inanimate matter is controlled by the cfv a forgo \ it is operated onsob lybv tin- 
past.''^ Given certain conditions, and the etfect in due time follows. Attempts have 
been made to apply the same principle to living and conscious beings, but without 
much success, The<e seem to work for an object, even if it lxi the mere seeking 
for food ; they are controlled by the idea of sometlung not yet pal]>ahle. Given 
certain conditions, and their action cannot certainly be predicted ; they have a 
of option and free will. Eitlier their actions are really arbitrary and indetenuinatt* 
— w’hich is highly improbable — or they are controlled by the future as well as by 
the pa-it. Imagine beings thus controlled : automata you may .still call tliem, hut 
they will be living automata, and will exhibit all the characteristics of live creatines. 
Moreover, if they have a merely exp<‘riential knowledge^ necessarily limited by 
memory and b<mnded by the past, they will be unable to predict each other’s actifuis 
with any certainty, because the wdiole of the data are not hehne them. May not a 
clearer apprehension of the meaning of life and will and determinism bo gnidually 
reached in some such direction as tliis? 

By what means is force exerted, and what, definitely, is force or stress ? 1 can 

hardly put the question here and now' so as to he intelligible, except to tliose w ho 
have approached and thought over the same difliculties ; hut 1 venture to ‘^ay tliat 
there is here somctliing not pra\ided for in tlie ortluxlox sclieme of physics; that 
modem physics is not complete, and that a line of possible advance lies in this 
direction. 

I might go further. Given that force can hi exerted by an net of will, do wo 
understand the mechanism by whii'h this is done ? And if there is a gap in our 
knowledge between the conscious idea of a motion and the liberation of muscular 
energy needed to accomplish it, liow do w'e know tliat a body may not he moved 

* The expression ‘controlled by the future’ I first heard in a conversation with 
G. F. Fitzgerald, who seemed to consider it applicable to all events, without 
exception. 

* This is, of course, not assertion, but suggestion. It may be erroneous to draw 
any such distinction between animate and inanimate. 
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•without ordinary material contact by an act of will ? I have no evidence that 
such a thing* is possible. I Imve tried once or twice to observe its asserted cecur- 
reiice, and failed to j^et anythinjr that satisfied me. Others may have been 
more fortunate. Tn any case, I hold that we require more knowledg:e before we can 
deny the possibility. If the conservation of energy were upset by the process, we 
should have grounds for denying it; but nothing that we know is upset by the 
discovery of a no's el mode of communicating energy, perhaps some more immediate 
action through the ether. It is no use theorising ; it is imwi.^e to decline to 
examine phenomena hccaiise wc feel too sure of their impossibility. AVe ought to 
hnow the universe very thoroughly and completely before we take up that attitude. 

Again, it is familiar that a thought may be excited in the brain of another 
person, transferred thither from our brain, "by pulling a suitable trigg(‘r; by liber- 
ating energy in the form of sound, for instance, or by the mechanical act of 
writing, or in other ways. A pre-arranged code called language, and a material 
medium of communication, are the recognised methods. May there not also he* 
an immaterial (perhaps an ethereal) medium of communication? Is it possibh* 
that an idea can be transferred from one person to another by a process such as we 
liave not yet grown accustomed to, and know practically nothing about? Tn thi.s 
case I have evidence. I a'-'sert that I have seen it done; and am perfectly con- 
vinced of the fact. Many others are satisfied of the truth of it too. AVhy mu^t 
we speak of it with bated breath, as of a thing of which Ave are ashamed ? AVhat 
right ha\(^ we to he ashamed of a truth ? 

And after all, when Ave have growm accustomed to it, it will not seem alto- 
gether strange. It is, perhaps, a natural consequence of the community of life or 
family relationship lunuing through all living beings. The transmission of life 
may be likened in some Avays to the transmission of magnetism, and all inagnet‘< 
are sympathetically connected, so that if suitably suspended a vibration from one 
disturbs others, even tliough tliey he distant ninety-tA\’'o million miles. 

It is sometimes objected that, granting thought-transference or telepathy to he 
a fact, it belongs more especially to lower forms of life, and that as the cerebral 
hemispheres develop we h(‘conie independent of it; that what we notice i.^ the 
relic of a decaying faculty, not the germ of a new and fruitful sense ; and that 
progress is not to be made by studying or attending to it. It may he that it is an 
immature mode of communication, adapted to low'er stages of consciousness than 
our*^, but hoAv much can we not learn by studAing immature stages? As Avell might 
the ohj‘>ction he urized against a study of embryology. It may, on the other hand, 
ns W.*F. Barrett lias suggested, he an indication of a higher mode of communication, 
Avhich shall .surA’iA'e our temporary connection with ordinary matter. 

I have spoken of the apparently direct action of mind on mind, and of a possible 
action of mind on matter. But the Avhole region is unexplored territory, and it is 
conceivable that matter may react on mind in a way we can at present only dimly 
imagine. In fact, the harrier betAveen the tavo may gradually melt away, as so 
many other barriers have done, and we may end in a Avider perception of the 
unity of nature, such as philosophers have already dreamt of. 

I care not Avhat the end maA'^ he. I do care that the inquiry shall be 
conducted by us, and that Ave shall be free from the disgrace of jogging along 
accustomed roads, leaving to isolated labourers the work, the ridicule, and the 
gratification, of unfolding a new region to iinAvilling eyes. 

It may be held that such inATStigations are not physical and do not concern us. 
We cannot tell without trying; and as the results are physical, or at least have 
a physical side, it seems ronsocahle to assume that the proce.ss by Avhich they are 
produced is a proper subject for physical inquiry. I believe that there is something 
in this region which does concern us as physicists. It may concern other sciences 
too. It must indeed concern biology ; but Avith that I have nothing to do. 
Biologists have their region, we have ours, and there is no need for us to hang back 
from an investigation liecaiiso tliey do. Our own science, of Physics or Natural 
Philosophy in its widest sense, is the King of the Sciences, and it is for us to lead, 
not to follow. 

And I say, have faith in the Intelligibility of the universe. Intelligibility has 
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been the great creed in the strength of which all intellectual advance has been 
attempted, and all scientific progress made. 

At first things always look mysterious. A comet, lightning, the aurora, the 
rainbow — all strange anomalous mysterious apparitions. But scrutinised in the 
dry light of science, their relationship with other better-known things becomes 
apparent. They cease to be anomalous ; and though a certain mystery necessarily 
remains, it is no more a property peculiar to them, it is shared by the commonest 
objects of daily life. 

The operations of a chemist, again, if conducted in a haphazard manner, would 
be an indescribable medley of effervescences, precipitations, changes in colour and 
in substance ; but, guided by a thread of theory running through them, the pro- 
cesses fall into a series, they all become fairly intelligible, and any explosion or 
catastrophe that may occur is capable of explanation too. 

Now I say that the doctrine of ultimate intelligibility should be pressed into 
other departments also. At present we hang back from whole regions of inquiry 
and say they are not for us A few we are beginning to grapple with. The 
nature of disease is yielding to scrutiny with fruitful result : the mental aberrations 
and abnormalities of hypnotism, duplex personality, and allied phenomena, are now 
at last being taken under the wing of science after long ridicule and contempt. The 
phenomena of crime, the scientific meaning and justification of altruism, and 
other matters relating to life and conduct, are beginning, or perhaps are barely yet 
Ijeginning, to show a vulnerable front over which the forces of science may pour. 

Facts so strange that they have often been called miraculous are now no longer 
regarded as entirely incredible. All occurrences seem reasonable when contemplated 
from the right point of view, and some are believed in which in their essence are still 
quite marvellous. Apply warmth for a gi\en period to a sparrow’s egg, and what 
result could be more incredible or magical if now discovered for the first time. 
The possibilities of the universe are as infinite as is its physical extent. Why should 
we grope with our eyes always downward, and deny the possibility of e>ery thing 
out of our accustomed beat ? 

If there is a puzzle about free-will, let it be attacked ; puzzles mean a state of 
half-knowledge ; by the time we can grasp something more approximating to the 
totality of things the paradoxicality of paradoxes drops away and becomes unrecog- 
nisable. I seem to myself to catch glimpses of clues to many of these old questions, 
and I urge that we should trust consciousness, which has led us thus far ; should 
shrink from no problem when the time seems ripe for an attack upon it, and should 
not hesitate to press investigation, and seek to ascertain the laws of even the most 
recondite problems of life and mind. 

What we know is as nothing to that which remains to be known. This is 
sometimes said as a truism ; sometimes it is half doubted. To me it seems the most 
literal truth, and that if we narrow our view to already half-conquered territory only, 
we shall be false to the men who won our freedom, and treasonable to the highest 
claims of science. 

If I were asked^ (as I am not) to suggest any practical proposal for immediate 
action in the direction indicated, I should not urge anything at all revolutionary. 
I do not think that the time is ripe for the Royal Society, for instance, to move in 
the matter ; the early stages of such an investigation, in which the human element 
is so obtrusive and perturbing, may very properly be left to a society devoted to 
that special end ; and, thanks to the single-hearted, persistent, and admirably judi- 
cious labours of a few workers, whose names I need not mention because they are 
so well known, such a society exists. 1 do, however, think that whenever in the 
view of the leaders of that society the time may have come to put the scientific 
world in official possession of their more securely ascertained facts — for instance, 
by presenting a report to this or some other section — they ought not to ask in vain 
for some recognition of the work accomplished by them. It seems to me desirable 
that the work in which they have been so long engaged should be established 
on a more permanent basis, sucli a basis as scientific recognition would be likely 
to bestow, so that the existence of the society may not be imperilled by the mor- 
tality of individuals. I will not press the suggestion further ; it may bear fruit 
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in due season or it may not. I must return to the work of this section, from 
which I have apparently wandered rather far afield, further than is customary — 
perhaps further than is desirable. 

But I hold that bccasionally a wide outlook is wholesome, and that without 
such occasional survey, the rigid attention to detail and minute scrutiny of e\ ery 
little fact, which are so entirely admirable and are so rightly here fostered, are apt 
to become unhealthily dull and monotonous. Our life-work is coucerned with the 
rigid framework of facts, the skeleton or outline map of the universe ; and, though it 
is well for us occasionally to remember that the texture and colour and beauty which 
we liabitually ignore are not therefore in the slightest degree non-existent, yet it is 
safest speedily to return to our base and continue the slow and laborious march with 
which we are familiar and which experience has justified. It is because I imagine 
that such systematic advance is now beginning to be possible in a fresh and unex- 
pected direction that I have attempted to direct your attention to a subject which, 
I f my prognostications are correct, may turn out to be one of special and peculiar 
interest to humanity. 


The following Reports and Papers were read : — 

1. Interim Report of the Committee on Pheyiomena connected with 
Becalescerice . — See Reports, p. 147. 


2. On the Action of a Planet upon small Bodies passing near the Planet^ 
v'ith Special Reference to the Action of Jupiter upon such Bodies. By 
Professor H. A. Newton. — See Reports, p. 511. 


3. On the Absorption of Heat in the Solar Atmosphere. 

By W. E. Wilson, M.R.I.A., F.R.A.S. 

The author endeavours to determine with accuracy the ratio of the heat 
received from the limb and the centre of the solar disc, and thus, by taking yearly 
observations through a sun-spot cycle, to find out if the solar atmosphere varies in 
depth. 

The apparatus consists of a heliostat which throws a small pencil of sunlight 
into a dark room. It is received on a 4-inch concave silver-on-glass mirror of 
about 10 feet focus. A small convex mirror is placed inside the focus of the 
concave mirror, and thus forms an image of the sun of 80 centimetres in diameter. 
'I'his image is allowed to fall on a radio-micrometer of Prof. C. E. Boys. The tube 
of the iiivstrument is stopped down to nearly 1 mm. in diameter, so that only about 
606^000 solar image is at any moment giving its heat to the instrument. 

A slice of limelight is allowed to fall on the mirror of the radio-micrometer, 
and is retlected frooi it on to a horizontal slit in the side of a box which contains 
a photographic plate. This plate during an observation is allowed to fall with a 
uniform rate by a piece of clockwork. Any motion of the mirror of the radio- 
micvoiiietcr thus records itself on the plate in a curved line. 

The clock of the heliostat is stopped and the image of the sun is allowed to 
transit across the mouth of the radio-micrometer, and the curve giving the values 
of the heat received from the solar disc is recorded on the photographic plate. 

A seconds pendulum swings across the track of the limelight, so that the 
photographed curve is notched into seconds of time, and a means thus given of 
localising the position of the instrument on the solar disc. 


4. The Ultra-Violet Spectrum of the Solar Prominences. By Professor 
George E. Hale, Director of the Kenwood Physical Observatory^ Chicago. 

The prominence spectrum has been photographed with a large solar spectro- 
scope attached to the 12*2 inch equatorial refractor. Several new lines have been 
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thus discovered, and those for which the wave-length has been deduced are given 
iu the first column of the table. The wave-lengths of the H and K calcium lines 
are to be regarded as provisional only, as Professor Rowland has not yet published 
the final values. The other columns contain measures of the lines in the uydrogen 
series, all reduced to Rowland’s scale. 
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It will bt‘ ^een that tlie first two lines are in all probabilitv due to caleiiiin ; they 
are narrow and sharp, and fall at the centres of th(‘ dai-k bands in tin* solar sjiectrnin. 
The ne-xt line is as _\et unac{‘ounted for, but it does not a))pear If) be a component 
of the ludrogen line at The line at X.*h*701] isniurkoil doubtful, because 

it falls very nearly at the pu>ition of a ghost of H ; e^e^ything points, howe\er, to 
an independent origin, though the agrat'uient with Ames’ hydrogen line at Xdl)70*2”) 
is far fioiii satisfactory. The remaining four lines are evideiuly members of tiie 
hydrogen serie.s. 

Promineiif’e forms have also been photographed tlirougli IT and K, tlie dark 
shades allowing the use of a very wide slit. The research is to be c<mtinued uith 
improved apparatus. 


5. ofi B^J^earchpft BpJafioe to the Second Late of Tliermod 

JJf/ Dr. J. Larmou and G. H. IIrvax. — See Reports, p. 8o. 


0. Note on a Simple Mechaiiical Beprpsmtfafion of Curnot’a IteceJ'sihlc Cu<'h} 
Bij G. H. Rrva.n. 


FRIDA i; A VG UST 2 1 . 

The following Reports and Papers were read : — 

1. Interim Report of the Committee on liesearchcs in Rlectro-opHc^. 

See Reports, p. 147. 

2. Note on the Electromagnetic Theory of the Rotation of the Plane of 
Polarised Light. By Professor A. Gray, M.A., F.R.S.E. 

Sir William Thomson has explained the turning of the plane of polaris<?d liglit 
in a magnetic field by supjxising the ether to have imbedded in it a large number 

* This note is reproduced in Par. 33 of tlie Report on the Second Law of Thermo- 
dynamics by the author. 
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of small gyrostats, having the undisturbed positions of their axes in the common 
direction of the magnetic force and the propagation of the beam, and all vibrating 
ill the same sense. When in consequence of the vibrating motion each gyrostat 
has its axis of rotation displaced tVom this direction, it reacts on the surrounding 
medium ^vith transverse force at right angles to the plane through the axis of 
rotation and the direction of motion. 

By compounding this stress with the elastic forces of displarement of the ether, 
dill'erential equations of motion are obtained which are of precisely the form neceh- 
sary to account for the ditlerenoe in rate of propagation of the two circularly 
polarised rays constituting the plane polarised ray. 

It is obviously suggested by the gyrostatic investigation that it ought to be 
possible to explain the magneto-optic rotation on the electromagnetic theory of 
light as a consequence of the existence of the small magnets which are supposed 
imbedded in the medium with their axes in the direction of propagation of the ray, 
and therefore producing the magnetisation which the medium has iu that 
direction. 

In consequence of the motions of the ether, the direction of the chains of 
magnetised molecules which are supposed to exist along the direction of magnetisa- 
tion (here taken as axis of z) in the undisturbed state of the medium is continually 
undergoing change at every point, and thus the direction of the axial magnetic 
force along t*ach chain also undergoes alteration. It is ob\ ions that if the dis- 
placements everywhere small, the actual magnitude of this force will sustain 
uiily a very small percentage of alteration, but that each small change of direction 
will produce a component magnetic force in each of the two directions at right 
angles to the axis. The calling into existence of these components v.’iW produce 
corresponding electromotive forcavs tending to incr€*ase the displacements. 

The ele4'troinoti\ e force in the direction of y is given by 

0 = 

(it 


where dG-dt stands for the total time rate of change of G, the component of \ ector 
potential in the direction of ?/. Also since II, the component along c, does not 
perceptibly vaiy along . 1 , if the direction of propagation be as taken here along 
— ?)({ /Os denotes magnetic induction through unit of area in the plane of yz lleiv'e 
any part of the total time-rate of variation of — OO/Os will denote the space- rate of 
variation in liie direction of s of an electromotive force parallel to y, provided the 
time and space dili’erentiat ions' of the part are commutative. 

Now if the displncejnent of the ether particles from the U7idisturbcd positions 
he taken as parallel and proportional to the electric displacement, and O be the 
component of magnetisation of the substance in the direction of c due to the exis- 
tence of the molecular magnets, then considering the electric displacement / iu the 
direction of .r, we see that the component magnetic force in the direction of .r is 
('Odtj^z, and thus the magnetic induction through unit of area iu the plane of yz ie 
fieCcf/dz, where e is a coelHcieiit of proportional it}". The time-rate of variation of 
this IS 


yeC 


d ?/ 
drvz 


But we have by the equations of electric currents 

1 fdy 0/3\ ^ 1 

dt ~ 47r ~ / 47r dz 

since there is no conduction current. 

Further, by the relation of magnetic force tj venter j'ct?ntial, /3« (0F/9s)'/i, 
and therefore the last equatiou becomes 

df 1_ 0«F 

0 ^ " “ 4trp 8s* 
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Now. since tlie differentiation 
the substitution 


of/ with respect to t is partial only, we may use 

0 0/^ 00/ 

05 di dt dz 


Hence differentiating d/jdt with respect to r we find 

0 0/* eC 0»F 
^^^ 05 ’"4^05’ 

which gives an electromotive force in the dii’ection of y of amount 

eC 0^’ 

~ 47r 05' 

Hence we have finally 

0G fO 0T 0\^ 

^ ~ ~ 0/ ~ 47r 05“* 05 " 

the two first terras on the right making up — rfG/c?/. 

We have therefore 

0Q 0-G eC 

dt ~ dt'^ 47r 0^0=^ 

But the displacement current in the direction of v is r/v/V//. and thus Is K'Itt. 
0Q/0/. Also, by the equations of currents dgjdt^ ~ IJinfi , d'^Ojdz^^ Therefore we 
have the equation 

4?r dt ~ di^ 47r/i 05^ 

which would in the equation already found for 0Q'0/ yield 

0Tt 1_0‘^ cC0*F 

0^/'* “ K/ii 02^ 4rr 0/05'* 

Similarly for the other component in the case of circularly polarised light we 
find the equation 

0*F_ 1 0*F cC0*G 
0/* ” K/z 05* 4»r 0/0? 

These two equations are identical in form “with those given by tlie gyrostatic 
theory, and of course lead to the same results ; that is to sav, the plan** of polari- 
sation of an electromagnetic beam will show a turning effect when the beam is 
transmitted along the lines of force in a magnetised medium.* 


3. On an Experimevt on the Velocii(j of Light in the neighhnti rhood of 
Rapidly ^moving Matter. By Professor Oliver J. Lopor, F.li.S. 

An apparatus was described which had been con.structed to apply Michelson’s 
interference method to a beam of light .^ent round and round by mirrors lietween a 
pair of circular saws clamped together and rotating rapidly, 'Ihe results were, at 
present, negative. 


4. The Action of Electrical Radiators^ with a Mechanical Analogy. 

By J. Larmor. 

In an electrical vibrator of rapid per-od tbe currents in the metallic parts are 
confined to the surface ; the periodic times are therefore independent of the metals 

* It ought to be stated that I understand from a reference In M. Poincare's ‘ The- 
ories de Maxwell’ that a similar theory has been proposed by M. Potior in a note to 
hia French translation of • Maxwell's Electricity.’ I have not seen M.Potier's inves- 
tigations, which may have completely anticipated the present note. 
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of which the vibrators are made, being determined only by their forms, and there 
is no considerable loss due to dep-adation into heat in these conductors. The 
question occurs, what are the surface conditions that must be imposed under these 
circumstances at the boundaries of the dielectric, in order that the vibrations may 
be discussed with reference only to the dielectric in which they exist and are 
propagated ? 

It appears that the vibrations are analogous to those of an elastic solid, wlien 
elastic displacement is made the analogue of the electric displacement in the dielec- 
tric. It is demonstrable ^ that if the velocity of propagation is the inverse square 
root of the specific inductive capacity, this auxiliary solid must be considered as 
incompressible, and the scheme of electrodynamics must be that of Maxwell. Tlie 
surface condition will then he absolute stiffness in the surface layer for all tangen- 
tial displactiment, and freedom for normal displacement. 

The mathematical examination of a typical case shows that this way of pre- 
senting the phenomena is practically exact for all wave-lengths greater than a cen- 
timetre for copper or other good conducting metal. For very minute waves the 
circumstances are not independent of the material of the conductor, hut are similar 
to those which actually exist in the case of the metallic reflexion of light-waves. 

l»y aid of this representation a qualitative \iew of the possible modes of vibra- 
tion is rendered feasible in cases where tlie mathematical analysis would bcMliflicult 
or impossible.-* 


5. Ou the Measurement of Stutionanj Hertzian Oscillations along TTT'res’, 
and the Damping of Electric Waves. By Professor D. E. Jo^'ES, B.Sc. 

An account was given of preliminary experiments made in Bonn (at the 
suggestion of IVifessor Hertz) on electric waves in wires. The first object was to 
find a simple method of measuring the disturbance at difierent points of a >\ire (or 
pair of wires) along which are sent waves which interfere after refiection at the 
ends. It was found tliat satisfactory measurements could be made by inserting a 
very small thernio-jiinctinM in tlie circuit at difierent points, and noting the deflec- 
tion fif a low-resistance gahanometer connected up to it. Tlie method is delicate 
enough to detect and measure exceedingly small currents, such as those produced 
by telephones. 

The method was applied to measure disturbances along a pair of parallel wires 
about 8 cm. apart and each about 130 metres in length. One end of each A\ire was 
connected to a (secondary) metallic plate 40 cm. in diameter. In the first of 
experiments the other (far) ends of the wires were left free. The vibrator was of 
the usual typo, provided with plates of the same size as those on the near ends of 
the wires and facing them. TIio wave-length of the disturbance along the wires 
was about 4’3 metres. On plotting curves with distances from the (far) ends of 
the wires as abscisstu and galvanometer deflections as ordinates the following 
results were obtained: — 



I. The disturbance was zero at the end (0) rising to a maximum (51) at 2*2 m. 

There was no further absolute minimum, t.e. the disturbance did not fall to zero 

‘ Proc.Roy. Soc. May 1891. 

2 Proc. Camb. Phil. Soc. May 1891. 

0 0 


1891. 
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at any point. At about 4*G m. there waa a minimum dettection of 11, at 6*7 m. a 
maximum of 46, at 9 m. a minimum of 13, at 11 m. a maximum of 23, and so on. 
Thus the waves tail off rapicll}". There are two complete strongly-marked waves 
and indications of a third, after which the disturbance tends to become steady along 
the wire. 

TJ. When the far ends of the wires were joined together similar results were 
obtained, excepting that the positions of maxima and minima were interchanged, 
the disturbance, c.//., being a maximum at the ends. The results indicate that only 
a small number of w*a\es are sent out by the primary vibrator, and that these are 
rapidly damped. In both the above seta of experiments the primary and secondary 
plates were 30 cm. apart. 

III. (Ends joined). On bringing the secondary and primary plates nearer 
together the damping became more and more rapid, as if tlie secondary more 
quickly absorbed the energy radiated out by the primary. When the plates w ere 
5 cm. apart only one w'a\e could be detected. 

The curves (I, II, III) given above wrere measured on different days and under 
different circumstances. They cease where the errors of observation become com- 
parable with the \ariations to be measured. The author’s luetliod has the advantage 
of requiring only the simplest apparatus. The only other published method which 
has been used for such measurements is Dr. Ruhtuis’ bolometric method, hut Mr. 
Bjerknes has obtained similar results to those of the author with an electrometer 
instead of a thermo-junction. 

In order to find whether the junction produced any disturbance, loops of wire 
of vartung lengths were inserted at 17 m from the far end; hut loops up to 1 m. 
long did not appear seriously to affect the positions of the maxima and minima. 


6. 0?i the Tropagation of Electro)nagnetic Waves hi Wirss, 

By Walteu Thori*. 

The following is an account of some experiments made in tlie jdiysical labora- 
tory at Trinity College, Duhiin, wdth apparatus kindly placed at the author’s dis- 
posal by Professor Fitzgerald. 

The experiments are incomplete, inasmuch as Mr. Troiiton’s value (0*08 metre) 
of the wave-length in air is assumed for the resonating circle which the author 
used. The author’s determinations of this wavc-lengOi agree with Mr. Tronton’s, 
but they were few in number, and made at the very commencement of the w*ork. 

The^ experiments were undertaken witli the hope of throwing some light upon 
the results previously obtained by Professor Hertz. ^ lie found the ratio of the 
velocity of propagati<ui of electromagnetic wave.s in air to the velocity in copper 
w ires to be as 76 : 47, or 1*6, His w ave-leiigtli in air was 7*6 metres. 

Using much shorter weaves (0 6Hra ) and Avires of different diameters, the author 
obtained a ratio varying from 1 77 for Aery fine Avires to a cry near unity for thick 
wires. 

The apparatus has been fully described by Mr. Trouton,'^ The Avire used w'as 
soldered at one end to a piece of iron plate (9 x 4cm. and 0’3cm. thick), Avhicli was 
attached by means of silken cord to the vertical AA'ooden support of tlie oscillators, 
the plate being fixed opposite one of the cylindrical oscillators. The wire was sup- 
ported hoiizontally along the axis of the parabolic cylinder used to concentrate the 
radiations. 

In the first few experiments the further end of the wire was bent into a very 
small hook, to which a piece of string was attached to keep the wire taut ; but 
this minute hook was found to cause considerable disturbance at the end which 
was never a node, and the distance from the end to the first node along the wire 
w{;8 always less than the other internodes. The hook was therefore removed, and 
the end of the wire kept straight. 

The resonating circle was 7 6cm. diameter, and was held with its plane parallel 
to the wire, and with the spark gap at its greatest distance from the wire* 

• Wiedemann’s Annalcn^ vol. 34, p. 661. 

» Ifature, vol. 39, p. 391 ; vol. 40, p. 398. 
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The method of experiment was to adjust the gilt knohs of the oscillators about 
5mm. apart, and, starting from the most distant end of the wire, pick out nodes by 
careful adjustment of the length of the spark gap in the resonating circle. Two 
internodal distances were usually measured, but sometimes three or four. 

The lengths of the internodal distances were found to agree well for the same 
wire and receiver. The mean of thirteen measurements with a wire 4-9 metres 
long and l*57mm. diameter gave a wave-length of ()’C05 metre. Five experiments 
with a wire 4 metres long and 2'9mm. diameter showed the wave-length O’Oo metre. 
A brass gas-pipe was next tried. This w'as 3*0 metres long and 1 1mm. diameter 
and gave a wave-length of 0*62 metre, as a mean of fourteen experiments. 

A thin wire, 6 metres long and O SOmm. diameter, gave a wave-length of 0'476 
metre (mean of ten experiments). 

A very hne wire, 4 metres long and 0 078mm. diameter, gave as a mean of 
twelve experiments a wave-length of 0-384 metre. 

The author thinks that these experiments show that Professor Hertz’s results 
were due to the comparative thinness of the wire he used as judged by the length 
of his waves. 


7. 0>i Uejlection the Polarising Angle from the Clean Surfaces of 

Liquids, Pij Lord Rayleigh, Sec.E.S. 

If the image of the sun, reflected at the polarising angle from the surface of 
ordinary water, he examined through a good nicol, no complete extinction can be 
observed. At most a dark nebulous patch is seen upon the face of the sun. If, 
however, the surface of the water be Iree from contamination, a well-defined hand 
crosses the solar disc, coloure«l above and below, and to all ap])earance black, or 
nearly so, at its centre. The width of this hand may he estimated at about one- 
fiflh of tile solar diameter. A trace of olive-oil, decidedly short of what is 
required to .stop the camphor movement.*, practically obliterates the band. The 
colour seen from clean water, which is due to the \ariation of the polarising 
angle Txith wa\ e-length, may be compensated by holding a 20*^ water prism 
between the eyo and the nicol. The band is thus achroinatised, but colour is of 
coin-.^e introduced at the upper and lower limbs of the sun. 

The (h'terioration of the hand by contamination i.s not measured by the decre- 
ment of surface tension. A strong solution of oleate, of soda or a saturated solution 
of camphor may give a much better band than distilled water with a somewhat 
greasy lace. Moreover, (lifl’ereiit parts of the same surface (over which the tension 
is constant) are often observed to produce very dillerent effects. 

Preehe measure.s of the ellipticity ahundantly conliim these preliminary 
results. Sunlight passing through a round hole fitted with cross-wires falls upon a 
collimating lens, thence after reflection from an adjustable mirror traverses the 
polarising nicol, and after reflection from the horizontal liquid surface passes a 
quarter-wave mica and an analysing nicol. The latter is set alternately to a 
de\iation of -i .30° from the plane of incidence, and the azimuth of the pohiriser 
required to bring the dark spot upon the cros.H- wires in eaeh case is recorded. 
If 2a he the difl’ereuce of reading.s, tan 30° tan a, denoted by k, repre.*ents the 
ellipticity, mea.suring as it doe.s the ratio of reflection of amplitudes of the two 
principal components. Jamiu found for w’ater «= —-00577, and for alcohol 

K + •(J0208. 

In my apparatus, which -worked remarkably well, a change of setting of the 
polari.ser of about two minutes was directly apparent when the analyser stood at 
A 30°, and very early experiments show-ed that the ellipticitv of clean w’ater could 
barely he measured. While in the ordinary water 2a might lie betw’een ^° and 14°, 
the value for clean water seemed not to exceed 2\ L'suallv no error could he 
perceived by mere inspection when the analyser was put over from + 30° to - 30°; 
and the mean of long series of alternations gave a difference sometimes in one 
direction and sometimes in the opposite. These discrepancies could only be 
attributed to real changes in the purity of the surfaces, and evidence gradually 
accumulated that the value for a clean surface was not zero, as had been expected, 

o 0 2 
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but about 2', and that in the direction opposite to what is found for an’ ordinary 
surface. This 2' can hardly be other than real, for it has been recovered several 
times after complete resetting of all the apparatus. 

In any case the ellipticity here presenting itself is exceedingly small. We have 

K = + tan 30° tan 1' - + •00017. 

The intensify of the light reflected from water at the polarising angle, measured by 
K*, is not more than about of that found by .Tam in. Alcohol is not nearly so 
dependent as water upon the methods for freeing its surface from contamination ; 
but, on the other hand, I was unable to apply these metliods so completely. The 
value obtained was 

K = + 000S5. 

A strong brine, cleansed like the water, gave 

- -00042. 

About the same value applies to a saturated solution of camphor, while for oleate 
of sod.i the value was — •(X)2. For petroleum again /c= + -0010. 

It is impossible to feel confidence that these small values really express pro- 
perties of the liquids whose names are attaehed to them. What is certain is that, 
in a large number of cases, the ellipticity is verv much less than lias hitherto been 
supposed, and it is not improbable that even tin* residual ellipticity may he dm' 
to contamination, or, if not to contaminatKm properly bo-ciillcd, to iiisullicieut 
abruptness in the transition from tin* one medium to the other. 


SATO in) A AVGUST 'Tl, 

The following Reports and Papers were read : — 

Department I. — Physics. 

1. SiAli Beport of th? Committee on Elect rohjff is . — Sec Repoits, p. 122. 


2. Interim Beport on the B resent State of our Knowledge in Electrolysis and 
E teefro- C h em istry . 

Mr. W. N. Shaw was not able to present a Report this year. 


3. Electrolytic Problems. By Robert L. Mono. 

The author e8tabli.‘^hes the complete analogy between electric conduction 
through electrolytes and what may be calh'd metallic conduction. 

lie assumes with Wiedemann that the better conducting molecules in the 
electrolyte form chains, while the worse conducting molecules lorm dielectric tubes 
eurrounding them. According to Clerk Maxwell’s theory, electric energy is trans- 
mitted through the dielectric along conductors. The author assumes that this 
transmission is accompanied by moh‘cu1ar dissociation in the dielectric tubes sur- 
rounding each electrolytic chain. With these sssumptions he explains the chief 
electrical and chemical effects produced daring electrolysis. 

The author gives an account of experiments he has made to test the validity of 
the above views. 


4. On Clausius^ Theory of Electroly tic Gondmtion^ and on some Secret 
Evidence for the Dissociation Theory of Eleotrolysisd By J. Brown. 


* See the Report of the Committee on Electrolysis, p. 122. 
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6. Report of the Committee on the Phenomena accompanyinrj the 
Discharge of Electricity from Points , — See Reports, p. 139. 


6. On the Electrification of Needle Points in Air} 

By A. P. Chaitock. 

The author measures the strength of the electrostatic field at the surface of a 
needle point by the mechanical force exerted by the field upon the needle parallel 
to its axis ; and justifies experimentally the formula 

/ 

where /is the field strength at a point of radius of curvature r, and P the mecha- 
nical pull upon it. 

Values of f at the instant of discharge in air are given for air pressures, varying 
from 10 cm. to 76 cm. of mercury ; the measurements having been made on needle 
points, for whicli the values of r lie between 7 x cm. and 6 x cm. It is 
sliown that for radii less than about 10“^ cm. the product fxr^^ is fairly constant ; 
its value at 70 cm. mercury jiressure being 10*5. 

In the light of these results the possible ways are discussed in which resistance 
to discharge may arise at a point. The conclusion is arrived at that the resistance 
at a clean point is due to the formation of Grotthuss chains of the air molecules 
surrounding the point ; and it is shown that, on this view*, the charges carried by 
the gas atoms are probably of the same order of magnitude as those carried by the 
same atoms in electrolytes. 

The variations off with air pressure are then referred to, and are shown to be 
in accordance wdth the Grotthuss chain hypothesis so far as they go. 


7. On the Measure^nent of Liquid Resistances} By J. Swinburne. 

To avoid errors due to variations of resistance or polarisation at the electrodes, 
the fall of potential over a portion of the electrolyte is measured. Siphon tubes 
are arranged to connect the feeling points with vessels containing non-polarisable 
electrodes in a suitable electrolyte. Various ways of arranging the apparatus are 
described. 


8. The Surface-Tension of Ether and Alcohol at Different Temperatures, 
By Professor William Ramsay, Ph.D,, F.B.S. 

iVIeasurements of the ascent of these liquids in a calibrated capillary tube were 
made at temperatures varying from that of the atmosphere to within a short 
distance of the critical point. These measurements, combined with determinations 
of the angle of contact of the meniscus of the liquid wdth the w’-alls of a containing 
narrow-bore tube, and also with a knowledge of the densities of the liquid and tlis 
vapour, give data for calculating the surface-tension. The results go to prove 
that suriace-teuvsion is not a linear function of temperature. It is apparently 
related to the heat of the vaporisation of the liquid in a somewhat simple manner. 

'J''he angle of contact of the li<tuid with the tube walls varies in a remarkable 
manner with the temperature. While, at temperatures for ether up to 100®, the angle 
of contact is a small and a gradually decreaang quantity, at that temperature it is 
zero : with rise of temperature above 160®, the angle of contact increases slowly at 
first, rapidly as the temperature approaches the critical, until at the critical point it 
is a rignt angle. It is remarkable that above 160® no bubble will stick in the tube, 
but ascends to the top ; whereas below that temperature a bubble will remain in 

' Printed in extenso in the Phil. Mag. September 1891. 

* Published in full in Electrical Review, August 28. 1891. 
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one position, until it is compressed to such an extent that its form becomes lenti- 
cular, the edges of the lens oeing just in contact with the sides of the tul)e when 
it comineimes to ascend. There appears, therefore, to be a special temperature for 
each liquid, at which the angle of contact of its meniscus with the walls of the 
containing vessel is zero. 


Depahtment II. — Mathrmatics, 

1. Inierim Heport of the Committee on Mathematical Functions. 
Sec lieports, p. 129. 


2. Interim Report of the Committee on the RelUan Equation Talles. 
See Reports, p. IGO. 


3. On Periodic Moficm of a Finite Conservative Systemd 
By Sir William Thomson, Pres.R.S, 


4. O 71 a Geometrical Illustration of a Dynamical Theorem. 

By Sir Ropert Ball, F.R.S. 

It was observed in this paper that a dynamical system wdien moving in any 
way could be constrained to adhere to tlie same motion, so tliat every element 
should continue to twist about the .*^3016 screw as it was twisting about at the 
moment. The forces to be applied for this pur])ose could be simply expressed, and a 
geometrical construction was given m the particular case of a rigai body, Avhicli 
was poases.'^ed of three degrees of freedom. It was shown that the scrows about 
which a body so restricted could twist might be repn^sented by points in a plane 
made on two ellipses, one representing tlie screws about winch the body could 
twist with zero kinetic energy, the other representing the screws of zero pitch. It 
was then shown that two houiographic .systems of points could be constructed such 
that if any point P be joined to its correspondent (^, then the bole of the ray with 
regard to the pitch ellipse represents the screw on which a wrench could be jilaced 
which should just steady the motion. The pole of the same ray with regard to the 
kinetic ellipse gives the acctderation of the body if permitted to pursue its move- 
ment without interference. A complete account of the investigation wdll shortly 
appear in the publications of the Royal Irish Academy. 


5. On the Transformation of a Differential Resolvent. 

By the Rev. Robert Harley, F.R.S, 

t If there be two algebraic equations such that they can be changed, the one into 
the other, by assuming, without loss of generality, certain relations among their 
variables; and if the differential resolvent of one of these equations is known, how can 
we pass directly to the differential resolvent of the other, without having recourse 
to a separate and independent calculation ? That is the question I propose to 
consider in the present paper. Nearly thirty years ago, when seeking to determine 
the form of the differential resolvents of two trinomial algebraic equations connected 
in the manner above described, I endeavoured to effect a passage from one differ- 
ential resolvent to another by a simple transformation, but was stopped by what 
seemed to me at the time to be an anomalous result. Fortunately tlie result was 
placed upon record for future discussion ; it will be found in Art. 13 of a paper read 
Wore the Literary and Philosophical Society of Manchester (Noveml)er 4, 1862), 

* Printed in emienso in Phil, Mag. October 1891, 
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and printed in the second volume of the third series of the Society's Memoirs, pp. 
232-245. A few weeks ago on re-studying this result, I succeeded in clearing up 
the supposed anomaly, and in converting one of the differential resolvents into the 
other. I will here indicate briefly the method employed, as it appears to admit of 
general application. 

The differential resolvents of the equations 

y" — ny + (w — l).t’ = 0 , . • • (a) 

yn __ uyn-l + (w _ 1)^- ^ 0 , , . • (/3) 

are 

n''-'[D]-‘->-(n-l)» f ” D - 1 a"- ^ = 0 , (a') 

Ln 1 n — ij 

n»->[(n-l)Dl>‘-V-(«-l)(»ir)-n-l)[nD-2]'-2^!/ = [»-l]»-ij . (S') 

respectively, where D = ind the usual factorial notation 


M»=(^)(d-l)(5-2) . . . (^-a+1) 


is followed. The question is, how to pass from («') to (30 ; or, in other words, 
given the differential resolvent of (n) to find that of (3). The following method 
is effective. 

If in equation (a) w^e write 




for 77, y respectively, it becomes 




■vv'hich is of the same foim as (3). Here 

.r ^ = - (h' + or D = - (n' + 1)D'. 


These substitutions being made in the resolvent (a') we are led to 


the result given in the paper above cited. 

Now, observing that, in general, 

' r-0]- = (-!)•„ 
>• ‘’J [^-1]“' 

we have 


[-(«' + 1)D' + , , 


and 






so that (y') may be written in the form 


(y'.) 


which cont.Hins the common factor (D — 1), and therefore admits of a first integra- 
tion. Operating with (D— 1)“^ , and determining the constant by summing for 
the (ti + I) root^ of y'(2y' = ?*'+ 1), we obtain the differential resolvent of (y), 
namely, 

(n' + — n\n' + ID^ -- ti' + 2)[(«' + 1)D' ~ 2]"'“^’'^" = [n'Yx^ , (y'.^) 


Dropping accents and writing n-1 for w, we are conducted finally to the equation 
(3'b fbe differential resolvent of (3). 
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6. On the Transformaftons med in connection with the duality of Different 
Hal Equations. By E. B. Elliott, FM.S. 

The MoDge-Cliasles-De Morgan reciprocal transformation of partial differeutial 
expressions 

= z'^px^qy-Zy 

.V = p', t/ - 2', 2 = /.i" + - s', 

is readily carried beyond the second order of derivatives by noticing that what is 
required is to express the clerivatives of q with regard to p\ q' in terms of those 
oi p\ q' with regard to p^ q. Now a theory of the reversion of partial derivatives 
of two variables with regard to two others by interchange of the dependent and 
independent pairs has been developed. 

The analogous but simpler reciprocal transformation of ordinary differential 
expre^siou3 

x'-^p,y'^px-y 

or 

amounts only to the interchange of dependent and independent variables in deriva- 
tives of p with regard to p ' ; and a quite complete theory of such a reversion is at 
our disposal. One consequence is that any reciprocant gives us on leplacing 

^ ^ , . , . by * • • a self-reciprocal expression, i.c. the criterion of 

dp'f dp''^ d.i*^ d.r 

a family of curves whose polar reciprocals with regard to the parabola ~ 2y con- 
stitute the same family. 


7. iVo/e on a Method of Besearrh for Invariants. 

By E. B. Elliott, F.R.S. 

This note was of the nature of an inquiry as to whether adequate use had been 
made of methods of direct determination of invariants of a binary form in terms of 
its co-elficients when deprived of its second term. The invariants of 


n{n — 1 ) 




are as shown by Cayley those functions of a,Cf d, . . . whose degree t and weight w 
satisfy in «= 2ic, and which are annihilated by the difFerential operator 

(n — 2)d8c + {n — + . . . , 

-(«-!)" |3c« +m,+ .... I 


8. On Liquid Jets under Gravity. By Rev. H. J. Sharpk, M.A, 

The motion, which is in two dimensions, is supposed to be symmetrical with 
regard to x'Ox, which is the axis of the vessel and jet. J3EF is the semi-outline 
of the vessel, FJ of the jet. AF is the semi-orifice which is small compared with 
the dimensions of the ve.ssel and the depth of the liquid. Clravity acta parallel to 
OE is the surface of the liquid, which is maintained steady. AF Is 
supposed to be so small that it may be considered either as the arc of a circle with 
centre O in the surface of the liquid, or as a small straight line perpendicular to 
O.f. For simplicity we shall take OA the radius of the circle (or the depth of the 
liquid) as unity. If ^ be the acceleration of gravity referred to this unit, it will 
be convenient to put <r for 2ff. We shall take O aa the origin of Cartesian and 
polar coordinates j-, y, r, B and we shall put x' for (.r — 1). Let x *ind be the 
stream functions on the right and left respectively of AF and let «, v be the 
velocities parallel to 0.r, Oy. Further lot AF »7r/y where/) is a large number. 
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On the right of AF we take 

j 

= w = coa ^6 + 2c'„€“^”‘‘^cos pny . 

di f 

— ^^ = v= — ar^ain Id + I 


(1) 


Where c'„ is an arbiLrary constant and 2 indicates summation with regard to n 
for all integral values from 1 to infinity. 

On the left of AF we take 

dyj/ . 

^^~u~ cos my) + 2Cn€p”^C08 pny + A 

dyU 

” dv^^^ — sin my) — Bin pny 



Wlu're n„, Cn and A are arbitrary constants and S indicates summation with regard 
to 7H for a Jirute number of \ allies of w, the largest of which is svpposed to be small 
compared with />. 

Since the velocities must be continuous on each side of AF, we must have 
along AF. 

S cos my) = rt — A + 2(c,/ — Ocos pny , o\ 

— S(rt„isin my) + \ay — 'l(c ,^ ' + c„ )sin pny j * ' ^ 

These must hold from y = o to y^n-jp. But if we expand the left-hand sides by 
Fourier’s Theorem we get c^ and c„' as functions of n. Since the left-hand side of 
the second equation of (3) must vanish when y = 7r//?, this furnishes one relation 
among the constants. We can then show that c„ and c^' are small quantities at 
most of the order Ijjr. 

It is easy to form from (2) the equation to the outer stream-line BEF. If the 
vessel be of finite breadth at infinity, A will be a small quantity of the order Ijp, 



Looking now at (2), we see that if OE be the surface of the liquid, u and v must 
when -1 be small quantities at most of the order IJp. A and the 2 term 
already satisfy that condition. In the S term m has several values. Suppose the 
particular m in (2) to be the smallest of these values, and suppose m = log;>, then 
when y - — 1 the S term also satisfies the surface condition, and the more accurately 
the larger /I is, since log;>//^ diminishes as^) increases. 

If FJ is a jet we must have, since AF is small, at every point of the jet, 
nearly 

But we see at once from (1) that this condition is nearly fulfilled, the error being 
of the order 

As a particular case, if we give to m in (2) the two values 8 and 9, p will be 
about 2080 and the maximum error (which will be at F) will be about 
+ *0000143. 
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If ;? be larg-e enough, we can by taking a sufficient number of values of m, 
make the error of the order 1 fp^ &c. 

Roughly speaking, when the orifice is small compared with the depth of the 
liquid, the shape of the jet depends onl 3 ’^ on the orifice, being almost entirely 
independent of the shape of the vessel. 


9. The Geometry of Coufocal Conics. By Professor T. C. Lewis. 

1. If PP', QQ' be chords of contact of T in two confocal conics, then a conic 
can be described with (^, Q' as foci which shall touch the conic PP' at P and 1*'. 


Fig. 1. 2. 

T 



2. By taking T on the outer of the two ellipses, it follows that the ellipse with 
foci at Q, Q' which pn.sses through T will have contact of tlio third order with the 
confocal through T ; and the liyperhola ^Mtb f(K*i at (}, Q' whicli passes through T 
will have contact of the third order with the hyperbola whose foci are S and II 
which passes through T. 

3. In fig. 3 PQ, PQ', P'Q, P'Q' are all tangents to one ellipse confocal with 
that through Q, Let this be </, r/^ 9 , y, (fig. 3). The four tangents to an ellipse 
intersect in three pairs of points. If each of one pair is on a confocal conic, so also 
is each of the others. Q, iy lie on one confocal ; T, T' lie on another confocal, 

4. As in 1, a conic witli P, 1*' as foci can be drawn touching the confocal TT' 

at T and T' /. - TP' = PT' - TT^ 

/. a circle can be inscrilx.‘d in the quadrilateral TrLT’'. 


Fig. 3. Fig. 4. 



6 . As a particular case, when P and Q coincide the two tangents from T meet 
the tangent at L in Q, Q' (fig, 4) which are on a confocal, and the circle inscribed 
in TQQ' touches the ellipse at L. 

6 . In fig. 3, QP + PQ' = QP' + P'Q'. Add to each Q 7 , + arc + qfl ' ; and let 
PP' be consecutive points ; Q being the intersection of consecutive tangents lies on 
the inner ellipse. Hence the string which must be placed round the inner ellipse 
to stretch to P is equal to the one which must be placed round it to stretch to r'» 
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Hence mode of describing: confocal ellipses by placing strings round an ellipse 
ind keeping them stretched by a pencil point. 

And similarly if an endless string be placed round an ellipse whose circiim- 
erence is shorter than the string, and if the point be fixed, and a loop of the 
tring be passed throngli a small ring at L and pulled tight, then if a pencil be put 
liroiigh' the ring and moved steadily away from the ellipse, a confocal hyperbola 
vill he tiescrthed (fig. 6). 

Various other cases arise. 

7. As long as T is on a confocal ellipse PT — PL is constant. 

Also the tangents from T to the circle inscribed in TQQ' are of constant length. 

If the^ tangent at L jneet fhe confocal ellipse through T in T' and the 
‘onfocal hyperbolas through T', T" will pass through P, P' respectively and T' 

— arc PP" is constant. 

Eiglit equal tangents can be drawn from tlie outer to the inner of two confocal 
dlipses. 

8. If in fig, 6 the tangent be drawn at M, INP or 1/ to meet the tangent from 
r in Q and then tlie point of contact of this tangent will be the point at 
vhich either an inscribed or an escribed circle of the triangle TQQ' will touch the 
dlipse. 

0. If a triangle he drawn with each side touching an ellipse, then an infinite 
lumbf'r of triangles of equal ptu'imeter can be drawn whose sides touch the ellipse; 
Iieir three angular^ points hing one on each of three confocal ellipses. 

10. If the three confocals whicli are the loci of the angular points coincide, the 
riangles are inscribed in one and circumscribed about another of two confocal 
dlipses. 

In this case their perinu'ter is a maximum for all triangles inscribed in the 
)uter ellipse, and a minimum for all triangles circumscribing the inner ellipse. 

11. JSo for a polygon of any number of sid('S. 

Also each tangent is divided into two sections at the point of contact. If the 
lolygon has n sides there are 2?? sections; starting with anyone of them and 

Fig. 6. Fig. 6. 




numbering the sections in order from 1 to w, the remaining sections are equal in 
magnitude to those already passed, occurring in the same order. The sections of the 
sides of the triangle in fig. 0 with the same number attached are equal to one another. 


10. Some Tangential Transformations^ including Lagtierre^s Semi-Broites 
Eeciproques. By Professor R. W. Genese, M.A. 

The equation to a straight line rutting off a length a from the positive axis of x 
and making an angle cot -bn with that axis, being .r - a = wy, a relation of the 
form 

awi* + 2/a + c • 0 . . • (1) 
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makes the line a tangent to the conic 

A.vHB + ar®-2F.z--2Qa3^ + 2IIy = 0 . . . (2) 

If now a second line .r — a = m'y be obtained from the first by means of the 
relation 

^wi'* + 2/‘'?M7tt' + g'i»'* + 2g'm + 2yw' + r = 0 • • • (3) 


the envelope of this line will in general be of the fourth class. If, however, th 3 
minors of the discriminants of (1) and (d) be connected by the relations 


A C^G 
V ll Q' 


(4) 


then the envelope degenerates into two of the second class. 

The conditions (4) were obtained thus: — Considering as the coordinates 

of a point referred to three orthogonal planes, (1) and (3) represent tioo cyhndftrs, 
and (4) gives the conditions that these should have two common plane sections. 
The conditions may be geometrically interpreted thus; if ttoo conic cylinders lie 
between two parallel planes (i.c. each cylinder touch both planes) their complete 
intersection consists of two conics. 

Laguerre’s transformation, analytically considered, gives the relation 


hero 


+ '2kmnd + vd- — 1 « » • . (3') 

P-l-A^R = l-.7t^Q'=0. 


Then by (4), A = 0 and G «0, and the transformation is seen to be of simple use 
only for the case of circles. M. Laguerre’s re-sults, however, of which an account 
is given in his ‘ Geometric de Direction,’ are of exceptional elegance. 


11. Note on the Normal to a Conic, By R. H. Pinkeeton, 


12. On the Importance of the Conception of Direction in Natural Philo- 
sophy. By E. T. Dixon. 

This importance has already been recognised in the higher branches of science 
in the guise of Vector theories, and the chief reason it has not been made use of in 
elementary geometry is the w^ant of a proper definition. Such proper definition 
might be deduced from the conception ol direction as a relation between two 
positions which is independent of the distance between them and of the absolute 
position of either of them in space. The concept thus defined is independent of 
the conception of a straight line, and so may be used to define it, and is therefore 
distinct from the concept defined, by saying that two straight lines which have a 
common point have the same or different directions according as they coincide or 
not. That some notion of direction is necessary to elementary geometry is shown 
by the fact that without it right- and left-handed figures which are ecjual in every 
respect cannot be distinguished ; and that the concept as defined is commonly 
entertained, is proved by the fact that it follows from Newton’s I^ws of Motion 
that absolutely iixed directions may he conceived in space, although absolutely 
fixed positions cannot.^ 

* Vide The Foundations of Geometry (Deighton, Bell k Co.) 



TRANSACTIONS OF SECTION A. 


57a 


MONDAY, AUGUST 24. 

The following Reports and Papers were read : — 

I. Beport of the Committee on Beaearches on the Ultra-Violet Bays of the 
Solar Sjiectrum . — See Reports, p. 147. 


2. Comparison of Eye and Hand Begistration of Lines in the Violet and 

Ultra-Violet of the Solar Spectrum, against Photographic Records of 

the same, with the same Instrument, after a lapse of several years, 
Ihj C. PiAZzi Smy’ih, LL.I),, F.B.S.E, 

A comparison of the plates seems to lead to such practically useful conclusions 
as the following : — 

1. Two photographic representations are far more trustworthy than three or 
probably a much greater number of hand-drawm views of solar-spectrum lines, 
even w’lien tlie eye imagines it sees them very clearly. 

2. The photographic principle records with ease, and the utmost vigour of 
black, white and grey of various shades, a world of objects in certain spectral 
regions where the eye can see nothing whatever. 

3. What photograpliy depict.s in .such ca«es is what the human eye ought to 
see, and would see were it divinely perfect simply as an eye. 

4. The ordinary spots, pin-holes and dust-marks, which too often abound in 
photography, never assume such shapes as might lead to their l)eing mistaken by 
any experienced observer for a single one of Nature’s solar-spectrum lines of light 
or shade. 

6. The frequent errors, and then ail-pervading elFects, fallen into by some 
photogiaphers in tlie way of over or under exposure, and over or under develop- 
ment, may prevent the absolute intensity of any one line, on one plate alone, being 
usefully quoted as a scientitic datum. Jtut the relative intensities, and innumerable 
distinctions in hue and shape, of thick or thin, dark or light, closely arrayed or 
widely scattered, tlutings gradating towards the violet or towards the red end, 
and regularly or irregulaily spaced lines on the same plate, are full of most 
important and instructive particulars. While the}' mostly hold good also, from 
plate to plate of the same parts of spectral space, on all the proofs that may he 
taken both day after day, and through a very wide range of all the possibilities of 
perversion and misuse which may be buiuanly committed upon this most exquisite 
aid, viz. photography, to the noblest of the stmses of man, vision. 

6. In principle, all this has long been known to advanced workers in every 
civilised nation. But as it is not everywhere yet utilised to the extent it might 
well be, it is hoped that this further and rather multitudinous example, on an 
extreme scale too, of spectral separation, and capable of showing such a Titanic 
instance of a dark thunder-cloud-looking column as ‘ Great K,’ by pure photo- 
graphy only eight months ago, in a solar-spectrum telescopic Held which was at the 
time absolute emptiness to the eye, may he useful in calling increased attention to 
similar and more extensive employments of photography in the future. 


3. Note on Observing the Bofntion of the Sun with the Spectroscope, 

By G. Johnstone Stonev, M.A.f D,Sc.y F,B,S. 

In this note the author described an arrangement for conspicuously exhibiting 
to the eye the rotation of the sun by the spectroscope. The sun’s light, after 
reHection from the mirror of a heliostat, is received by a telescope lens which 
forms an image of the sun on the slit of the spectroscope. The lens is attached to 
a vertical board, and two screws are partly screwed side by side into the board 
and at some distance above the lens. The projecting heads of the screws rest on a 
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fixed support so that the board can oscillate a little sideways. This carries the 
ima^e of the sun backwards and forwards over the slit, so that the lipflit admitted 
by the slit is alternately taken from a part of the solar disk near the following* 
limb which is advancing towards the earth, and from a part near the preceding 
limb which is receding. Accordingly the solar lines in the spectrum are alternately 
shifted a little — perhaps about one- twentieth or one-thirtieth of a tenthetr-metre — 
to the right and left, while the earth-lines maintain their position unaltered. The 
eye readily detects this motion even when so small. 

There is a solar line a little less refrangible than the eighth pair of double 
lines in the great 11 oxygen group, which, with the arrangement described above, 
is seen to approach and recede from the double line in sympathy with the motion 
of the pendulum. Another line well placed for the observation is the earth-line, 
which is a very little more refrangible than ; and another convenient group is 
where there is a strong iron line on the more refrangible side of 1)^, about as far 
from D, on one side as Dj is on the other. There is an earth-line in nearly the 
same position. The two appear as a single line when the light is taken from the 
preceding limb of the sun, and as a double line when it is taken from the following 
limb ; and with the pendulum arrangement these ajipearances alternate. 

Of these three the observation on the B line can be well made in the second 
spectrum of a Rowlands grating IJ inch long. The observations near 1) are 
best made in the fifth spectrum. 

There are of course multitudes of other lines on which the observation can be 
made. 


4. On the Cause of Double Lines in Spectra. 

Bij G. Johnstone Stoney, M.A., IX Sc., F.U.S. 

The lines of the spectrum of a gas are due to some events which occur within 
the molecules, and which are able to affect the a*ther. Tliese events may be 
Hertzian discharges between molecules that are diflerently electrified, or they may 
be the moving about of those irremovable electric charges, the supposition of 
which offers the simplest explanation of Fara<lay's law of elf^ctrolysis. The 
amount of the charge which is associated with each of the bonds, and of which two 
or more seem to be present in every chemical atom, is always tlie same quantity 
of electricity. In a communication made to the British Association in 1874 the 
autlior invited attention to tlii.s fixed quantity of electricity a.s one of three funda- 
mental units presented to us by nature (see ^ Phil. Mag.’ for May 1881), and 
estimated its value, which is about the tw'entiethet (i.e. 1/10“*^) of the electro- 
magnetic unit of quantity in the ohm scries. 

Several considerations (of which perhaps the most decisive is the phenomenon 
of the reversal of lines) suggest that the source of the spectral lines is to be 
sought not in the Hertzian discharges, but in the carrying about of the fixed 
electric charges, which for convenience may bo called the electrons. The present 
investigation however is not dependent on this or any other particular liypothesis, 
since it is with the laws of the events within the molecules that it is concenied, 
and the course of the inve.stigatioii shows that these laws are the laws of the 
motion of separate elements of volume, which may be conveniently thought of as 
the motion of those narts of the molecule to which the electrons are to be regarded 
as indissolubly bouna. An electron, if waved about in some particular way by 
the motions within the molecule, would occasion such electro-magnetic weaves as 
are revealed to us by the spectroscope. 

Now the irrotational motion of an element of volume consists in it.s traversing 
some orbit, accompanied perhaps by a simultaneous distortion of its form. We 
are only concerned with the orbital motion. This motion may be resolved by 
Fourier’s Theorem into the superposition of partials, each of which is a simple 
pendulous motion in an ellipse, and each of these partials produces its own line in 
the spectrum. Seven constants are required for the full determination of each 
partial if the orbit of the electron is a curve of double curvature, or five if it is a 
plain curve. Now the observation of a line supplies only two equations between 
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these. The wave-length of the line, when corrected for the refraction of the air, 
gives the periodic time of the motion of the electron in the corresponding partial, 
and tlie brightness of the line gives a quantity proportional to a and h 

being the axes of the ellipse. 

But there is one case, and fortunately a case which at all events frequently 
occurs, and that perhaps is universal, in which we receive a very interesting 
addition to our knowledge ; explaining on the one hand the double lines that are 
so frequent in spectra, and on the other telling us the actual forms of the elliptic 
partials of the motion going on in the molecules. This important case occurs 
whenever some of the forces wliich determine the motion of the electron are 
feeble compared witli the others, and are such as to produce tliat familiar form of 
perturbation which consists in an apsidal motion of tne elliptic partials. When 
this perturbation prevails, the lines are rendered double by it, and an examination 
of the positions and intensities of the two constituents of a double line enables us 
to determine {a) the form of the elliptic partifil to which they are due, (/>) the 
time which the electron takes to travel round it, and (c) both the direction and 
speed of the apsidal perturbation. Thus the principal double line of sodium is 
found to have its source in a long elliptic partial, the ratio of the axes of which 
lies somewhere between 11 : 1 and 13: 1. Kound this partial the electron travels 
about 1,5)84 times during one revolution of its slow apsidal perturbation, and there 
is time for about Si) of thesis slow apsidal revolutions to take place during each 
flight of tlie molecule. Moreover in this case the apsidal motion takes place in 
the same direction as the motion of the electron round the ellipse. An equal 
amount of information can be obtained in the case of every other double line that 
can he adequately observed. 

The author thought he had reason to suspect from observation that almost all 
spectral lines are doiilile, and that they appear single only when our sxiectroscopes 
have insuflicient revolving power, or when each of the constituents has so widened 
out as to obliterate the interval between them, or in the rare cases when the 
partial from which tliey arise lieing circular one of the two constituents of the 
double line is of cypher intensity.* If this shall turn out to be the case, there 
must ho some common cause for the ax>sidal perturbation, and the author ventured 
to suggest as the most probable cause the feeble reaction which the aether exerts 
on the electron, consequent on the energy which tlie molecule imparts to the 
aether when producing the electromagnetic waves. A fuller account of the in- 
vestigation is being printed by the Koval Dublin Society in its Scientitic Trans- 
actions. 


5. Seventh Report of the Committee on Solar Radiation. 
See Deports, p. 160. 


6. Report of the Committee on Meteorological Photograph g. 
See Reports, p. 130. 


7. Report of the Committee on the Meteorological Ohservations on Ben Xevxs. 
See Reports, p. 140. 


8. Report of the Committee on the Reduction of Magnetic Ohservations. 
See Reports, p. 149. 


* It is shown in the iiwestigation that each of the two constituents of a double 
line arises from a circular motion. Accordingly they would not suffer further 
duplication if an additional apsidal perturbation were introduced. 
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9. Report of the Oommittee on the Seasonal Variations in the Temperature 
of LaheSf Rivers^ and Estuaries. See Reports, p, 454. 


10. On the prohahle Nature of the Bright Streaks on the Moon. 

By Dr. Ralph Copeland, E.E.A.S.^ F.B.S.E. 

In this paper the author de8crit>ed the chief features of the bright lunar streaks, 
especially their iii\i&ibility when the shadows of the moiintainvS are most con- 
spicuous, and their great ])rominence when the lunar shadows are imperceptible. 
It was explained that the bright streaks demanded for their visibility not so 
much a high angle of illumination, as a front illumination. In other words, they 
become visible when the light falls more or less closely in the line of sight. 

If this condition is fulfilled the streaks come prominently into view quite 
regardless of the inclination of the surfaces on which they ^cur. The surfaces 
indeed may make almost any angle, either with the line of sight or with the sun’s 
rays, provided they are at all turned towards the common direction of the spectator 
and the sun. 

An important deduction from tliis fundamental fact is that each elementary 
portion of the streak surface is of a form that is symmetrical to the spectator from 
whatever point it is seen. Tlie sphere alone appears to fulfil this couclition ; lienee 
it may be assumed that the surface of the streak material must be made u]) of a 
large number of more or less complete spherical surfaces. These minute surfaces 
may be either concave or corn ex. We may thend’ore regard the streaks as being 
produced by a material pitted with minute cavities of sj herical figure, or strewn 
over with minute solid spheres, lu the latter case it is probable that tin* material 
is more or less tran.sparent, or at leant translucent. 

To test this hypothesis, a pla^Wr model of the moon 22 indies in diameter was 
made, on which the bright streaks are represented by lines of minute spherules of 
transparent glass attached to the surface. These po.ssess in a marked degree the 
desired property pf remaining inconspicuous under cross light, while they flash 
out brilliantly when lit up from the front. Although the splieniles are but J-5()th 
to l-30tli inch in diameter, they are still too large in proportion to the model, and 
therefore cast perceptible shadows when they would otherwise be invisible. This 
might have been largely avoided by fbe tedious process of partially imbedding 
them in the model. The corresponding diameTT on the moon’s surface would be 
from 2 to miles. 

When suitably illuminated the phases of the model \vere found, on photometric 
examination, to follow a law not very unlike that of the lunar phase.s as derived 
by Zollner from Ids own observations, and those of .Sir John Ilerscbel, the liglit of 
the ‘full moon’ being nearly five times that at quadrature. Witliout streaks the 
model closely agreed with Lambert’s formula for a non-reflecting sphere, for wliich 
the full disc is 3-1410 times as bright as the half disc illuminated from the side. 
The paper was illustrated by a diagram showing the relative brightness of the 
phases as well as by the* model and photographs of the same. The model, siiitahly 
illuminated, was also exhibited at the evening conversazioni of the Association. 


TUESDAY, AUGUST 25. 

The following Report and Papers were read : — 

1. Report of the Committee on Electrical Standards . — See Reports, p. 152. 

2. The Causes of Variation of Clark Standard Cells. ^ By J. Swinrurnf. 

The various parts of the cell are examined separately. Any zinc will dr, ii 
amalgamated before use. The greatest variations are due to impurities, such ai 
* Published in full in Electrical Review, August 28, 1801. 
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traces of iron, which are found in even the best purchased sulphate of zinc. The 
sulphate of zinc solution may also contain basic sulphates, and it is not homo- 
geneous after any variations of temperature. This gives rise to variations of the 
electromotive force of the cell, and also to large variations of temperature-coeffi- 
cient. The mercurous sulphate bought as pure nearly always contains a great 
deal of mercuric sulphate. The effects of these and other causes of variation are 
discussed, and an amalgam cell, preferably with a non-saturated solution, recom- 
mended. 


3. A Joint Discussion with Section O. on Units and their Nomenclature u'as 
opened by Professor Oliver J. Lodge, F.U.S., followed hy W. II. Peeece, 
F.ll.S. 

The following Papers were read in connection with the discussion, viz. : — 


Some lie voluf ionary Suyyostinns on the Nomenclature of Fleet rical and Mechanical 
Units. Jiy Professor W. SlROUD. 

Fj'csent Practical System of Units. — I. The present practical system of units 
is very objectionable on tlirei* grounds — 

0) There is no primd facie reason why the practical unit of current should 
be equal to 1-lOtli c g unit. 

(jf) The relation between tlie other practical electric units and the correspond- 
ing c g.s. units is much more complex; tlian need be. 

(y) Tlie units of work and power are far too small for practical requirements. 

2. If we were starting to devise a practical system to-day, such a system could 
best be formed by taking lO'ctn. as the unit of length, lO-’gm. as the unit of mass, 
and the second as unit of time. 

li. That in the interests of the ^practical’ men of the future and in tlie inter- 
-ests of the electrical students of liotli the present and the future, it is highly do'sir- 
ahle to initiate a revolution with the object of detlironiug the present practical system 
of units. 

Nomenclature. — -1. That tlie term Dyne to indicate 10" of our present (1891) 
dynes is objeciioiiable, as custom lias restricted the use of Greek derivatives entirely 
to e.g.s. unit.s. 

That \0^ if required f might be called a TIobdomodyne, suitably con- 

tracted, of course, or pieferiibly a joc (joule over centimetre). 

2. That the clas.'^ical languages are of little or no ser\ice for the provision of 
names for modern, more or hvs complex, physical conceptions, and therefore this 
method of coining words it is desirable to abandon. 

3. Tliat for e.g.s. units some system of automatic nomenclature in which every 
name shall be self-explanatory would prove a boon to the teachers and a blessing to 
the student, and that such a system is quite capable of being devised. 

4. That till* prefixes mcizo to indicate 10’, and mei to indicate may be 

found useful. 


On a Table to Facilitate the Conversion of Electrostatic and Elect romaym tic 
Measures into one another. By O. Joii^^soxb !Stoney, D.Sc.y F.li.S. 


The fundamental equations of electricity are:— 


F-«' 


,.QQ' 


1891. 


PP' 


for the repulsion between two quantities of electricity, 
for the repulsion between two quantities of magnetism, and 
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for the repulsion between a linear current and u magnet ; <t, b, 

and c depending on the specific inductive capacities of the 
medium for electricity and magnetism. 


The dimensions of the various units in electricity and magnetism, if written 
out in full, would contain these coefficients, which are so related that abjc‘ is a 
velocity. Our knowledge of the significance of this standard velocity is chiefly 
owing to Clerk Maxwell, and the author suggested that it shall be called the 
Maxwell. It appears from the electromagnetic theory of light that it is also tho 
velocity of light. 

The above relation may he written in either of tlie forms, 


a-Vy 




orb-Vf^ . 
a 


Accordingly, if we choose to confine our attention to tho cases in which c'-ja has 
its unit of value, 

b=v [multiplied hy a coefiieieut of dimensions, o'/^, and of unit value] ; 

and if, on the other band, we confine our attention to the casi's in which c'lb has 
its unit of value, 

a ~ V [multiplied hy a coefficient of dimensions, c- and of unit value]. 

Th(‘ first of these assumptions is that the specific indiictiv(‘ capacity for elec- 
tricity of the medium (usually air) is taken as our unit of specific inductive 
capa'uty for electricity, and the second assumption i^^ that the specific inductive 
capacity for magnetiMii of th»‘ medium is taken as the unit of specific inductive 
capacity for magnet i-in. 

Klectricul units consistent with tho first a-'Jiiniption an‘ called elect rosf at ic 
units, those consistent with tho second assumption are the electroinag'netie units. 
In the dimensional equations of the electro-static .s\steni r';a disapjiears and if> 
replaced hy unity, in tiio''^' of tlio second system it is v-jb wliich disapjiears. This 
makes the ditleronce betwwii the imperfect dimensional eiiiiations of the two 
sy-'tmiH, Avhich is therefore imly apparent ; and the ratios between the units of 
each physical quantity, whether estimated electrostatically or electromagnet ically, 
are (*s«entially ii'iniencal. 

L'nits consistent with both assumptions can only bo obtained ifwt' use the 
Maxwell velocity as our unit of velocity, in which case r/, b, and c can all have 
unit \ allies; and tho central column of the following' table is based on tliis assump- 
tion, and is introduced to allonl a common ground up to which it sullicieiit 
separately to trace from tho right and left the numerical relations of tlie units of 
the sv>tenis in common use (by the help of tlie two systems of imperfect dimen- 
sional equations), in order to arrive at tlio numerical ndations tlio whole way 
across. Tile Maxwell must he oor unit of vidocity in the central column ; hut Avearo 
at liberty to clioow tAvo other units arbitrarily, and tlicv are so selected as to make 
the unit of time and tlie unit of v/LM the same in tlie central column as in the 
two adjoining ohm columns. This reduces the numerical relations to tlieir 
simplest form. The table can easdy he extended to include the units of every 
otlier electrical quantity. 

The name potencij is suggested for what is loo often miscalled a force, or the 
intensity of the field, At e\ery station in .space tliere Is potency over the magnet- 
ism that is there present, over the electricity, over tlie mass, and over the volume 
occupied (producing huoA'aney), if the surrounding medium is excluded from it. 
There are, therefore, four ])otencies at each point ot s])ace, each being one factor of 
a force, the other factfjr ]>eing a quantity of inagnetism, of electricity, of mass, or 
of volume, a« the case may be. The author also expressed his hope that tlie 
phras^^s electromotive force and pressure may be discontinued, for what is in fact 
one factor of an energy, tho other factor being a quantit y of electricity. Voltage, 
wliich has in some degree come into use, •was recommended instead. 
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Absolute Uaifs of Meitsureynent. By W. Moon. 

The disadvantages of the C.G S. system of units are that the units are so small 
that one can form no conception of their value, and that owing to this smallness it 
is necessary to introduce a separate set of practical units for ordinary purposes of 
measurement. These disad\antages may be overcome by taking as fundamental 
units L and M larger or T smaller. 

Of all the systems of metrical units that can be formed by varying L and T by 
multiples or sub-multiples of ten, that system is the best that is founded upon the 
^Decimetre, Kilogramme, and Decisecond.’ If the name ‘ Instant * were given to 
the llecisecond, the systeA could be spoken of as the D.Iv.I. system. 

In the D.K.T. system * g’ = -08l, or nearly unity, so that the weight of a kilo- 
gramme could he taken as the unit of force for rough calculations. This would bo 
a great improvement, since the simplest way to conceive a force is as the weight 
of unit mass. 

A prepared table shows tliat all the D.K.I. units aie suHiciently large to bo 
used for practical purposes, and that all the multiples and sub-multiples of them 
that would be required could be expressed hj^ the usual Greek prefixes to their 
names. 

To express the large numbers required for insulation, resistances, and the small 
capacities of condensers, the Greek prefixes ‘ omega ’ and ‘ oraicron ’ might bo used 
for powers of 10 and 10“ ‘ respectively. 


WEDynsDA j; a ugust 

Tlic following Papers and Keport were read . — 

1. On the Mrasnrrmoftt of 
By Professor Silvan us P. Thompson, F.L.S. 

The author described his focometer and some results obtained upon microflcopio 
objectives and camera lenses. W'lde-angled Irnseg w’eru found in all cases to have 
*the positions of principal planes inverted. 


2. On a Xew Pohiriser. By Professor Silvavus P. Thompson, F.U.S. 


3. Some Experiments on a new Method for the Determination of ‘ r,’ 

By A. G. Web.ster. 

The method is similar to that propostjd by Maxwell with the title, ‘ Measure- 
ment of a re-^iifitance in Kleetrostalic Measure.’ A eondensor is connected in 
parallel with the two sets of quadrants of an electrometer, and both are connected 
in series wdth a battery and a Ingh inductionless resistance. (Contact being made 
and broken after a short time t by means of a Helmholtz penduluni-inti rrupter, 
the potential of the charge of tlie condenser and electrometer, measured by the 
first swing of the latter, is 

being the E.M.F. of the battery used, w the large resistance, c and y the respect- 
ive capacities of the condenser and electrometer, A second set of experiments, c 
being disconnected, gave the value of y, which included the capacity of the leading 
wires and of an auxiliary condenser inserted for the purpose of making c + y and y 
more nearly equal. 
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By turning tlie micrometer screw of the nendulum-interruptor, and thus chang- 
ing the distance between the contacts, t can oe varied and a large number of points 
on the logarithmic curve found. By a process of calibration with the pendulum, 
it was found that the electrometer-throws were strictly proportional to the poten- 
tials This calibration was made by taking a zi; so small that the exponential 
term vanished and measuring p for various jp^’s. 

The resistances used were made by ruling pencil lines upon finely-ground glass, 
upon the ends of which a thin film ot platinum had been firmly deposited by burn- 
ing in and soldering the connecting wires to this, giving a firm and reliable con- 
nection to the resistance. 

The condenser w'as a large plate-condenser, 50 cm. in diameter, whose capacity 
was found by KirclihofTs formula. Three capacities, 350*204, 770*513, and 
998*469 cm. were used, with resistances of from one-half to five megohms. 

The time-constant of the pendulum was found by the method of Pouillet for 
short intervals, by means of a ballistic galvanometer. One division of the micro- 
meter was found to correspond to 

1*1340 X 10”® sec. 

In the experiments, readings were taken at intervals between 100 and 2,000 
micrometer-divisions. 

A large number of observations was taken, in which all the measured quanti- 
ties c, and t were varied. 

The value of v arrived at was 

2-987 X lO'Ocm. sec-» 


4. On the Ma(jneiic Field in the 7iei(jhhourhood of the South London Elec^ 
irical liaihvay. Ihj Professor W. E Ayrton, and Professor 

Rcckkr, FJLS. 

Observations were made by means of a min*or galvanometer the period of 
which wtus 10 sec., and which was used as a magnetometer. The instrument was 
placed in two rooms about 70 and 180 feet respectively from the centre of the 
road, under which the railway runs at a depth of about 70 feet. It is believed that 
the eartli was acting as the return portion of the circuit. In accord with this 
the instrument \vas found to be in continual vibration. The amplitude of the 
swing at the station nearer to the railway was often 50 mm., and the law of decrease 
with distance appeared to he inversely as the first power. It is, therefore, evident 
that experiments of the most ordinary accuracy could not be made within a very 
great distance of such a railway. 

6. On the Periodic Time of Tnntny-Forhs maintained in Vibration Elec- 
iricalhj. By Professor J, Viriamu Jones and T. Harrison. 


6. Magnetic Experiments made in Connection with the Determination of the 
Pate of Propagation of Magnetisation in Iron. By F. T. Trouton. 


7. On the Connection between the Crystal Form and the Chemical Compo- 
sition of Bodies. The Symmetry of Crystals accounted for by the 
Application of Boscoviclis Theory of Atoms to the Atoms of the Chemist. 
By William Bahlow, F.O.S. 

After mentioning that he read papers on the same subject at the meetings of 
the British Association at Aberdeen m 1885 and Leeds in 1890, the author states 
that ho is now prepared to deal w'ith the matter in a more general way, and to 
submit proof that the mutual interaction of difierent kinds of atoms present in 
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ample proportions is competent to produce tlie various kinds of symmetry 
exhibited by crystals if the fundamental doctrine of Boscovich is admitted — that 
the ultimate atoms are points endowed each with inertia, and with mutual attrac- 
tions or repulsions dependent on mutual distances — repulsion manifesting itself at 
the smallest distances and becoming infinite at infinitely small distahees. 

After referring to the principal views which have been put forward as to the 
nature of the molecules or units of crystals he goes on to argue that stable 
equilibrium of a group of atoms endowed with Boscovich’s properties is evidently 
found in that disposition of the atoms which gives the repulsions greatest play ; 
that it is, in fact, the arrangement in which the packing is closest, or, in the lan- 
guage of modem conceptions, the arrangement in which the potential energy of 
the system is a minimum. 

lie then proceeds to answer the question, What grouping of a concourse of 
atoms will give closest packing ? first pointing out that the answer depends on 
whether the atoms are of ditl’erent kinds, and, if they are, on the numerical pro- 
portion of each kind present, and also on the relative magnitude of the spaces 
they occupy, or, in other words, on their relative capacities for repelling or being 
repelled. 

For simplicity sake, he takes first the imaginary case of atoms confined to the 
same plane, and points out that if there are two kinds of atoms present in equal 
numbers, one of which exe^ci^es a feebler repulsion than tho other, their repulsions 
may he so proportioned that closest packing will he attained when one kind of 
atom lies at the angles of a system of e(jual .''quares fitted close together, tlie other 
at the centres of tlie same squares. 

Ilo then applies similar reasoning to cases of atoms not in the same ]dane, and, 
after remarking that atoms which are all of one kind will paelc closest wlnm their 
centres have the relative situati.ai of the centres of a close-packed assemblage of 
equal globes --a familiar e.xample of wlii<*h is found in tho stacking of cannon- 
shot — he states that the iiion* general casi; of the closest packing of two or more 
kinds of atoms is approximately depiett^d hv the closest jiacking of globes, if tho 
globes are of ditfereut sizes, to represent the efi*ect.> of the ditlcreiico in the repul- 
sions exercised by the ditlerent atoms. 

After saying that the nature of the grouping in wliich stable oquilibrium is 
found will depend on the ratio hetwetm the lengths of the radii of the globes 
employed, the author traces tho nature of the grouping for .several particular 
values of this ratio. 

He points out that not only holohedral groupings corre.^ponding to the simpler 
forms of the crystallographic systems can be obtained in tliis way, but that the 
more complicated partial symmetry of hemihedral and tetartohedral forms are 
also to be obtained. 

As e.xam])les of the latter he gives a grouping in closest-jiacking that has the 
precise symmetry of zinc-hlende ZnS, which, according to Urotli, crystallises in 
t\n'tetraed)'{i<che hnniedric of the cubic systiun, and another groujiing that has the 
precise syrnmetiy of cuprite OirO, which, accf>rding to Ciroth, crystallises in tho 
plaf/iedrisc/ic hemiedn’r of the cubic .'system. 'J’he nuintirical proportion of tho 
spheres of dllferent radius employed is, in each case, that of the atoms present in 
the molecule of the compound reprc.sented. 

Polar- pyroelectric phenomena and circular polarisation are, the author points 
out, associated with pt'culiarities of the internal symmetry of the groupings, which 
corre.spond in outw'ard symmetry with tho bodies disjilaying tliese phenomena. 

The grouping is portrayc‘d by beads of difierent colours suspended in space 
in the symmetrical manner requisite in each case. 

The author concludes liis jinper by referring to some geometrical ])ropertie8 of 
the symmetrical systems of the crystal lographer which he has discovered bv an 
extension of the methods adojited liy Bravais and by Sohiicke, and which have 
greatly facilitated his work in finding symmetrical groupings to fit the forms and 
composition of a variety of different substances. 
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8. Bejaort of the Committee on the VoleaniQ and Seismological Phenomena 
of Japan . — See Reports, p. 123. 


9. On Phenomena which might he Observable if the Hgpothesis that Earth- 
quakes are connected with Electrical Phenomena he entertained. By 
Professor John Milne, F.B.S. 

It seems reasonable to assume that superbtjalcd high pressure steam escaping 
at a volcanic locus A. through fissures to a region B — A and B Ijeing more or less 
insulated by partially non-conducting material — might also result in the develop- 
ment of large quantities of electricity, followed ultimately by violent discharges. 

If a conductor electrically connected with the surface, say the ocean, is 
separated from B by })artially non-conducting matter I, then B I C maybe regarded 
as a condenser, and the charges at B and C are intensified. Discharges might also 
take place between B and C, and the charges at A, B and C would act inductively 
at the points a, b, c, of the surface respectively nearest to them. 

The ])henomena related to the above hypothesis are as follows: — 

1. Earthquakes and Earth-currents. — From a comparison of observations at 
700 stations in .Japan, tlu're seems to lx*, no connection between earthquakes and 
abnormal disturbances on land lines. It would, however, seem that any subterra- 
nean discharge-" a-^, for iiihtanct*, between A and B -must produce simultaneous 
change of potential at a and bj and that therefore no change of current should be 
Expected. Thus the hypothe.^is is not opposed to the facts. 

'2. Connection beturen EJarthguakes and Volcanoes. — ^fost earthquakes do not 
originate at volcanoes, but ludow the sea or on the coast-line where flat ground 
suddenly shapes down l)elow a deep ocean. From the h^pcithesis we should expect 
that tin* greate.'.t dectric strc'ss, and therefore the greatest disruptive stress, would 
be between B and (J. 

3. Potential at l[ot Springs. — Measurements made at seven s})rings in the 
same valley extending from yumoto, 100 to 200 feet abo\e sea-level, to Ashinoyu 
3,0(X) feet abo\e sea-level. Bet\veeu a hot spring and the earth, 10 to 100 yards 
distant, the dillercmee at tin* foot of the valley is about *05 of a volt, but at high 
elevations, wlien* the wafer is most sulphurous, the difVerenco rose to O'O volt. 

The difference of potential betvv'ecu b and a neighbouring point ought to 
increase when b is a volcanic vent. 'I'he existence of sulphurous water, however, 
is not to he overlo<»ked. 

1. Variations in Potential betioeen IVaier-Jiearing Strata and the Superin- 
eumbent Surface. — For more than 100 days a continuous photographic record w^as 
taken of the difference of tlie potentials of ttie water in a well 30 feet deep, and of 
a point on the surface of the* earth 25 yards off. At the time of three small earth- 
quakes deflections equivalent to 2 or 3 vidts were observed, hut they may have 
been due tf) mechanical disturbance. 


10. E.iperimeni(d Stndg of a Curious Movement of Ovoids and Ellipsoids. 
By Professor Leconte. 


11. 0?i Vowel Sounds. J^y Dr. R. J. Llovd. — See p. 790. 


12. A Latent Characteristic of Alumitiiuni- By Dr. A. Sf’RiNGER. 

According to tlie author's investigations aluminiiun is remarkably adapted for 
use in the construction of sound-boards by possessing an elasticity capable of 
sympathetic vibration uniformly through a wide range of tone-pitch, and by the 
absence of higher partial tones during vibration. 
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Section B.— CHEMICAL SCIENCE. 

President of the Section — Professor W. C. IIoberts-Austen, C.B., F.R.S, 


T//[:/^SDA j; A UGUST 20. 

The President delivered the Address: — 

The selection of Cardifl'as a place of meeting' of the British Association led to the 
presidency of Section B being entrusted to a metallurgist. It will be well, there- 
fore, to deal in this address mainly with considerations connected with the subject 
to which my life has been devoted, and I bojie that it may be possiblt' for me to 
show that tills practical art lias both promoted the adiancement of science and 
has receiied splendid gifts in return. 

It is an art for which in this country we have traditional love ; nevertheless 
tlie modes of teaching it, and its intiuence on science, are hut imperfectly under- 
stood and appreciated. Practical metallurgists are far too apt to think that 
improvements in their proccsH's arc mainly the result of their o^^n experience and 
observation, unaided by pure .'science. "On tlie other band, those who teach 
metallurgy often forget tliat for the iire.^ent they ha\o not only to give instruction 
in the method of conducting technical operation'^, but have truly to educate, by 
teaching the chemistry of high temperature.*^, at which ordinary reactions are 
modified or even reverseeb while they liave further to deal with many jdienomena 
of much importance, w hich cannot, as yet, be traced to the action of elements in 
fixed atomic proportions, or m which the direct iunuence of the atom is only 
beginning to he recognised. 

The development of a particular art, like that of an organism, proceeds from 
its internal activity ; it is work which promotes its grow-th and not the external 
influence of the environment. In the early stage of the development of an 
industry the craftsmen gnither a store of facts which aflortl a basis for the labours 
of the investigator, who penetrati'.s the circle^ of the ‘ ru}.stery ’ and renders know- 
ledge scientitic. Browming, in.*ipired by the labours of a chemist, finely tells us in 
his *• Paracelsins ’ : — 

To know 

Bather con.sisis in opening out a way 
Wlience the irnpriMmed splendour may escape, 

I'lian ill etlecting entry for a light 
Supposed to be witliout. 

If it be asked who did most in gaining the industrial treasure and in revealing 
the light of chemical knowledge, the answer is certainly the metallurgists, whose 
labours in this respect difl’er materially from others which have ministered to the 
welfare of mankind. First it may be urged that in no other art have the relations 
between theory and practice Wn so close and enduring. Bacon, who never 
undervalued research, tells us that in the division of the labour of investij^ 
tion in the New Atlantis there are some ^ that raise the former discoveries oy 



TKANSAdMOKS Ot SBOWON B. 


585 


experiment into greater observations, axioms, and aphorisms : these we call the 
interpreters of nature."^ There are also others ‘ that bend themselves, looking into 
the experiments of their fellows and casting about how to draw out of them things 
of use and practice for man’s life and knowledge . . . these we call the dowry men 
or benefactors' In reviewing the history of metallurgy, especially in our islands, 
it would seem that the two classes of workers, the interpreters of nature and 
the practical men, have for centuries sat in joint committee, and, by bringing 
theoretical speculation into close connection with hard industrial facts, have 
* carried us nearer the essence of truth.’ 

The main theme of this address will therefore be the relation between theory 
and practice in metallurgy with special reference to the indebtedness of the 
practical man to the scientific investigator. 

We will then consider — 

(1) (Certain facts connected with ^ Oxidation ’ and ‘ Reduction,’ upon which 

dejiend operations of special importance to the metallurgist. 

(2) The inliueiice in metallurgical practice of reactions which are either 

limiti'd or reversible. 

(.3) Th(‘ means bv wliich progres'=« in the metallurgic art may be effected, 
and the special need for studying the molecular constitution of metals 
and alloys. 

(1) The present year is a memorable one for cht'mists, being the centenary ot 
the birth of Faraday and the bi-centenary of the death of Itulert Boyle. The 
work of the former has recently been lovingly and fittingly dealt with in the 
Royal Institution, where he laboured so long. I would, in turn, briefly recall 
the services of Bo\le, not, however, on account of the coincidence of date, but 
because with him a new era in cliemistry began. He knew too much about the 
marvellous action of ‘traces’ of elements on masses of metal to feel justified 
in pronouncing absolutely against the possibilities of transmutation, but be did 
splendid service by sweeping away the firm belief that metals consist of sulphur, 
salt, and mercury, and by giving ns tlie definition of an element. He recognised 
tlie pr(‘ponderatiiig influence of metallurgy in the early history of science, and 
quaintly tells us that ‘ those addicted to chemistry have scarce any views but to- 
the preparation of medicines or to the improvement of metals,’ a statement which 
was ])erft‘ctly correct, for chemistry was built up on a tlierapeutic as well as a 
metallurgic basis. Tlie fact is, however, that neither the preparation of materials 
to be eniployed in liealing, nor the study of their action, had anything like the 
influence on the growth of theoretical chemistry which was exerted by a few 
simple metallurgical processes. Again, strange as it may seem, theoretical 
chemistry was more directly advanced by observations made in connection with 
methods of purif\ing the precious metals, and by the recognition of the quantitative 
significance of the results, than by tlie acquisition of facts incidentally gathered in 
the search for a transmuting agent. The belief that chemistry ‘grew out of 
alchemy ’ nevertheless pre^ ails, and has found expression in this Section of the 
British Association. As a fact, how'ever, tlie great metallurgists treated the search 
for a transmuting agent with contempt, and taught the necessity of investigation 
for its own sake. George Agricola, the most distinguished of the vsixteenth-century 
metallurgiat.s, in hi.s work ‘ l)e Ortu et Causis Subterraneorum ’ (lib. v.), written 
about the year 1531), disdainfully rejects both the view of the alchemists that 
metals consist of sulphur and mercury, and their pretended ability to change silver 
into gold by the addition of foreign matter. 

Biringuccio ( 1540) .-^ays, ‘ I am one of tho.«:e who ignore the art of the alchemists- 
entirely. Tliey mock nature when they say that with their medicines tliey correct 
its defect.s, and render imperfect metals perfiTt.’ ‘ 'I’he art,’ he adds, ^ was not 
wortliy of the consideration of the wise ancients who strove to obtain possible 
things.’ Ill his time, reaction between elements meant their destruction and re~ 
constitution, nevertheless his sentence ‘transmutation is impossible, because in order 
to transmute a body you must begin by destroying it altogether,’ suggests that 
he realised the great principle of the conservation of mass upon which the science 
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of ctemistry is based. We have also the testimony of the German metallurgist, 
Becher, who improved our tin-smelting in Oornwall. lie is said to have caused 
a medal to be struck in 1075, which bore the legend: ‘Ilanc unciam argenti 
finissimi ex plumbo arte alchymica transmutavi/ though he should have been aware 
that he had only extracted the precious metal from the lead, and hnd not trans- 
muted the base one. This is a lapse which must be forgiven him, for liis terra 
pirujuis was the basis of tlie liieory of Phlogiston, which exerted so profound an 
influence for a century after his death, and he wrote, ^ 1 wist that I have got hold 
of my pitcher by the right handle, for the pseudo-chemists seek gold, but I have 
the true pliilosopiiy, science, which is more precious.’ 

At this critical period what was Hoyle doing when tlie theory of Phlogiston 
dawned in the mind of the metallurgist Ht^cher? In 1672 Iloyle wrote his 
paper on ^ Fire and flame weighed in the balauee,’ and came to the conclusion that 
the ‘ ponderous parts of flame ’ could pass through glass to get at melted lead con- 
tained in a closed vessel. It has been considered strang-p that did not interpret 
tlie experiment correctly, but he, like the phlogistic chemists, tried to show tliut 
the subtilis iynis, the material of lire or phlogiston, would penetrate all thing.s, 
and could be gained or lost b}* them. Moreover, his later experiments showed him 
that glass was powerless to screen iron from the Sdlluviiun of a loadstoni'.’ His 
experiment with lead heattxl in a closed glass vessel was a fundanieiital one, to 
which his mind would naturally revert if he could come bai'k now and review tlie 
present state of our knowledge in the light of the iiiv<*stigation.s which have been 
made in the two centuries that have passed since his own work ceased. If ho 
turned to the end of the first century after his death ho would .see that the failure 
to appreciate the woik of predecosors was as prevalent in the eighteenth ceuturv as 
in the sixteenth. The spirit of intoleranci'. which led ParaceLsiis to publicly burn, 
in liis inaugural lecture at P»a.sle, the works of Galen, Hippocrates, and Avicenna, 
survived in the eighteenth century when Madame Lavoisier burnt the works of 
Stahl, but it was reserved for the nineteenth century to reverently gather the a.s]ies, 
recognising that when the writers of the School of Becher spoke of I’hlogiston 
they meant what wo understand by potential energy. 

If Boyle, tinding that the Fellow.s of the Itoyal Socioty had not carried out 
their intention to build a * Ilepo.’'itorv and Laboratory,’ sought the School of Mines 
and came to the Royal College of S<*ience he would surely thank my colleague, 
Professor Thorjie, for his vigorou.s defence last year, as President of this Section, 
of the originality of the work of Priestley and OaveiKlish, to whiidi Hoyle’s own 
researches had directly led. We on our part, rcunembeiiiig Herzeliiis’s view that 
'oxygen is the centre point round which chemistry revolve.s,’ would hope to intere.'^t 
him most by selecting the experiments w Inch arose out of the old metallurg-ical 
operation of separating the precious metals from lead by ‘ cupellatioii.’ When, in 
conducting this operation, lead is heate<i in the presence of air it become.s converted 
into a very fluid dross. Boyle Iiad, in IGfll, taken this operation u.s the vi'ry first 
illustration in his ' Sceptical Cliemist ’ in proof of his argument as to tlie elemental 
nature of metals. He would remember tlio quantitative work of Geber in tlie 
eighth century, who stated that the lead so heated in air acquire<l a ‘ new weight,’ 
and he would appreciate the constant reference to the operation of cupellat ion from 
the close of the sixth century b.c., when the prophet Jeremiah wrote, to the work 
of Jean Key in 1021), whose coiiclu.sions he wouhl wish he had examined more 
closely. Lord Brouncker, a.s first Pre.rident of the Royal Society, had called atten- 
tion to the increa.se in weight of the lead in tlie 'coppels ’ in the Assay Oflice in the 
Mint in the Tower, and Mayo had shown that the increase in weight comes from a 
difitinct *sfnrUiis^ in the air. Boyle xv'ould incidentally see that Newton had 
accepted office in the Mint, where ho doubtless continued his experiments on cal- 
cination begun some time before, and, as if to mark liis interest in the operation of 
assaying, figures are represenhxl on a bas-relief on lits tomb in Westminster Abbey 
as conducting cupellation in a muffle. The old work merges wonderfully into 
the new. Chevreul, in the nineteenth century, confirms Otto Taclien’s view in the 
fleventeenth, as to the saponifying action of litharge. Deville employs molten 
litharge to absorb oxygen dissociated from its compounds, and Graham, by extract- 
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ing occluded gases from iron and other metals, proves the accuracy of the old 
belief that elastic fluids can freely permeate even solid metals. 

We may imagine with what vivid interest Boyle would turn, not merely to the 
results of Priestley’s work, but to his methods. Priestley had decomposed litharge 
with the electric spark, and had satisfied himself in 1774 by heating red lead that 
the gas ho obtained in his earlier experiments was really the one now called oxygen. 

iioyle would see that in the period 1774-7 Lavoisier, being attracted by the 
^ sceptical chemist’s ’ own experiment on the heating of lead in closed vessels, over- 
threw the Phlogistic theory and placed chemistry on a firm basis by showing that 
the increase in weight of lead and tin, when heated in air, represents exactly the 
weight of the gaseous body added, and, finally, Dalton having developed the atomic 
theory and applied it to chemistry, Berzelius made lead memorable by selecting it 
for tlie first deterniinalion of an atomic weight. 

Without diverting his attention from the phenomena of oxidation, Boyle would 
find questions tlie interest of which is only equalled hy their present obscurity. 
He would contemplate the most interesting phase of the history ot chemical science, 
described by van ’t Ilotf as that of its evolution from the descriptive to the 
rational period, in iJie early days of winch the impossibility of separating physics 
and chemistry became evident, and Boyle would find that chemistry is now 
regarded from the point of view of tlie mechanics of the atoms. 

Deville’s experiments on dissociation have rendered it possible to extend to the 
groups of atoms in chemical systems the laws which govern the fusion and 
vaporisation of masses of matter, and this has produced a revolution comparable 
in its importance to that which followed the discovery of tlie law of definite pro- 
portions, for dissociation has shown us tliat true causes of chemical change are 
variations of pressure and of timipei’ature. Por instance, oxygen may bo prepared 
on an industrial scale from air by the interveution of oxide of barium heated to a 
constant temperature of 700% provided air be admitted to the heated oxide of 
barium, under a pressure of 14 atinospberes, while the oxygen, thus absorbed, is 
evolved if the containing vessel be rendered partially vacuous. It will be evident, 
therefort‘, that at a certain critical temperature and pressure the slightest variation 
of either ^^ill destroy the eijuilibrium of tlie system and induce chemical change. 

The aim of Boyle's chemical writings was to show that no barrier exists between 
physics and chemistry, and to ‘ serve the commonwealth of learning by begetting 
a good undei standing betwixt the chemists and the mechanical philosophers,’ who 
had, as he said, ^ been too great strangers to each other’s discoveries.’ In view of 
the dominant lines of research which occupy cliemisls at the present time, such, 
for instan(!e, as the investigations of ‘ Osmotic pressure ’ and of the application of 
Boyles own law to salts in solution, he would leel that his hope had been realised, 
and that, though he li\ed a century too soon to lake part in Berthollet's discussion 
with Proust, ho ne\ortheless shares Berthollet’s triumph in the long-delayed but 
now rapid de\elopnient of chemi'^try as a branch of applied mechanics. 

AVe need, however, no longer look at these questions from the point of view of 
Boyle, for our own interest in the application of chemical mechanics to metallurgy 
is sufficiently vivid, as instances to ho given subsequent!}^ will show. 

Hitherto 1 have mainly dwelt on questions relating to oxidation, but not less 
interesting is the history of the steps by which an accurate knowledge was ac- 
quired of the other groat process practised by the metallurgist, the one to which 
Paracelsus was the first to apply the name of ‘ Beductiou.’ Its explanation fol- 
lowed naturally from the elucidation of the phenomena of combustion by Lavoisier, 
who in continuation of Mac^quer’s experiments of 1771 proved, in conjunction with 
other workers, that carbonic anhydride is produced when the diamond is burnt in 
air or oxygen. Carbon has been known for ages as the most important of the 
reducing agents, but when, in 1772, Lavoisier heated oxide of lead and carbon 
together, he did not at first recognise that carbonic anhydride bad been produced, 
simply because the volume of the gas set free was the same as if oxygen merely 
had been liberated, lie soon, however, saw that neither the carbon alone, nor 
the oxide of lead alone, gave rise to the evolution of carbonic anhydride, whic^ 
resulted from the mutual action of carbon and a constituent of the litharge, ‘ This 
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last observation leads us insensibly/ be adds, * to very important reflections on the 
use of carbon in the reduction of metals/ It most certainly did, and by 1815 an 
accurate, if incomplete, view of reduction had passed into the encyclopaedias. It 
was seen that the removal of oxygen from burnt metals, by carbon, * give the 
metals,’ as Fourcroy and Vauquelm put it, * a new existence.* Some ten years 
later Ijg Play attempted to show that reduction is always efl’ected by the inter- 
vention of carbonic oxide, which elicited the classical rejoinder from Uay-Liissac, 
who pointed out that * carbon alone, and at very moderate temperatures, will 
reduce certain metallic oxides without the interv ention of carbonic oxide or of 
any other elastic fluid,’ I mention these facts because metallurgists are slow to 
recognise their indebtedness to investigators, and too often ignore the extreme 
pains with which an accurate knowledge has been acquired of the principles upon 
which their processes have been based. 

The importance of a coherent explanation of reduction in smelting pig-iron is 
enormous. The largest blast-furnaces in 1815 hardly exceeded those in use in the 
previous century, and were at most only 40 feet high with a capacity of 5,000 
cubic feet. At the present day their gigantic successors are sometimes 00 feet 
high with a ciipacity of 25,000 cubic feet. This development of the blast-furnace 
is due to the researches of a number of investigators, among whom von Tunner, 
Lowthian Bell, and Oruner deserve special mention. Wo are, however, forcibly re- 
minded of the present incompleteness of our knowledge of the mechanism of reduc- 
tion, when we remember that the experiments of II. B. Baker liave led us to 
believe that pure carbon cannot be burnt in perfectly dry and pure oxygen, and 
therefore that the reducing agent, carbonic oxide, would not be produced at all 
unless moisture be present. 

Ludwig Mond, I^auger, and Quincke teach us not only that nickel can 
separate carbon from carlx)nic oxide, but the wholly unexpected fact that dry 
carbonic o.xide can at a temperature of 10(F take up nickel, which it again 
deposits if heated to 150®. ^lond and (Quincke and, independently, lk?rtheli)t, 
have since proved the existence of the corresponding compound of iron and carbonic 
oxide, and it may safely be concluded that in the blast-furnace smelting iron this 
peculiar action of carhtuiic oxide plays an important part, and it doubtless aids the 
carburisation of iron by ceinentatum. It is truly remarkable that the ]>ast year 
should ha\e brought ns so great an increa.se in our knowledge of what takes place 
in the reduction of an oxide of iron, and in the carburisation of the liberated 
metal. My own experiments liave, I trust, made it clear that iron can, at an ele- 
vated temperature, be carburised by the diamond hi vacuo ; that is, in tlio nb.senco 
of anything more than trace’ of an elastic fluid or of any third element. 
Osmond has further shown within the last few months that the action between 
iron and carbon is a mutual one, for though carbon in the pure diamond form car- 
burises iron, the metal in its turn, at a temperature of 1 ,050®, attacks tlio diamond, 
invests it with a black layer, and truly unite.s with it. 

The question of the direct carburisation of iron (Darby’s process) by filtering 
the molten metal through carbon, promises^ to l>e of much importance, for at pre- 
sent, as is well known, two millions of tons of steel which are made in the 
Bessemer converter in this country alone, are re-carburised after ‘ the blow ’ by 
the addition of spiegeleiscu. 

Carbonic oxide, moreover, would appear to be more chemically active than had 
been supposed *, for during the pre.sent year Bertlielot has shown that the ])erfectly 
pure gas heated to 500® or 550® produces carbonic anhydride witli deposition of 
carbon at red heat, not by ordinary dissociation, but by decomposition preceded by 
polymerisation. He further shows that carbonic oxide will decompose aminoniacal 
nitrate of silver, and thus brings it into close connection with the aldehydes. 

(2) In turning to tlie modern aspects of metallurgical practice, we shall see that 
the whole range of the metallurgist’s fleld of study is clianging. It is no longer 
poarible for him to devise a .series of operations on the evidence afforded by a set 
of equations which indicate the comphdion of an operation; he ha.s, as I have already 
Buggested, to consider the complicated problems which have been introduced into 
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chemistry from the sciences of physics and mechanics. lie has, in fact, no longer to 
deal merely with atoms and molecules, but with the influence of mass. As Ostwald 
points out, we are reminded that many chemical processes are reciprocating so that 
the original bodies may be obtained from the product of the reaction. The result 
of such' o])po 8 ed processes is a state of chemical equilibrium, in which both the 
original and the newly-formed substances are present in definite quantities that 
remain the same so long as the conditions, more especially temperature and pres- 
sure, do not undergo further change. Again, in very many metallurgical processes, 
reactions are rendered incomplete by the limitations imposed by the presence of 
bodies which cannot he speedily eliminated from the system, and the result may 
he to greatly retard the completion of an operation. The time lias come when the 
priiiciph^a of dynamic chemistry must he applied to the study of metallurgical pro- 
blems if they are to be correctly understood, and it is, moreover, necessary to 
remember the part played by the surface separating the diflerent aggregates in 
contact with one another. When, for instance, a reaction has to take place accom- 
panied by the evolution of gas, there must be space into which the gas can pass. 
The rate, therefore, at which change takes place will obviously depend on the state 
of division of the mass. 

One of the most remarkable points in the whole range of chemistry is the action 
engendered between two elements capable of reacting by the presence of a third 
body. It may be, and tliis is tlie most wonderful fact of all, that merely a trace 
of a third body is necessary to induce reaction, or to profoundly modify the struc- 
ture of a metal. II. Le Chatelier and Mouret have pointed out that in certain 
ca.«!es it is inaccurate to say tliat the third body causes tlie reaction to take place, 
because, after it lias destroyed the inter-molecular resistances which prevented the 
reaction taking place, tlu* third body ceases to intervene. This is apparently the 
case when ]datinum sponge ellects the union of oxygen and hydrogen, or conversely, 
when very hot platinum splits up water vapour into its constituent gases. Future 
investigation will, it is to he hoped, show whether the platinum does not exert 
some direct action in both cases. We can no longer neglect the study of such 
questions from tlu* jioint of view of tlioir practical application. The manufacture 
of red-lead pre«ents a ease in point. In * drossing’ molten lead, the oxidation of the 
lead is greatly promot'd by the presence of a trace of antimony, and conversely, in 
the separation of silver from molten lead, by the aid of zinc, II. Koessler and 
Kndelinann ha^(* recently sllo^^n that aluniiniiim has a remarkable eflect in pro- 
tecting the zinc from In.ss bv oxidation, and, further, the presence of one-thousandth 
part of aluminium in the zinc is sufticient to exert this protecting action on that 
metal. I am satisfied that if oiir metallurgists are to advance fheir industrial 
practice, they must, if I may use such an expression, persistently think in calories, 
and not merely ('mploy the ordinary atomic * tools of thought.’ They will then 
b(* able to .*<1810 what reactions can, under given conditions, take place ; to indicate 
those which \\ill he conqdcted; and to avoid those that are impracticable. 

In France, the country of so many great metallurgists, men like Le Chatelier 
and Ditte are doing admirable service by bringing the results of the labours and 
teaching of St. Claire Deville within the range of practical men. And if I <lo not 
refer more .specifically to their work it is for want of space and not of appreciation, 
hut a few simple ca.‘ie.s of reversible actions will perliaps make the .subject clear. In 
the blast-furnace the main reducing agent, carbonic oxide, is produced trom the solid 
fuel by tlie reaction COo + C = 2 CO, a reaction which is theoretically impossible 
because it is endothermic, and would ho attended by absorption of heat. But heat 
external to the system intervenes, and acts either by denolymeri.sing the carbon 
into a simpler form which can combine with oxygen of the COo with evolution of 
heat, or by dissocial ing carbonic anhjrdride sets oxygen free which combines with 
the carbon. Ileduction of oxide of iron in the blast-furnace is mainly elibcted by 
carbonic oxide according to the well-known reaction 

Fo ,03 + 3CO = 2Fe + 3COa. 

But the gas issuing from a blast-furnace contains carbonic oxide, an important 
source of heat. The view that this loss of carbonic oxide was due to the fact that 



mo 


BBPOBT — ISDI. 


the contact of the ore and the reducing* gas was not sufficiently prolonged, led to a 

f reat increase in the height of blast-furnaces, hut without, as Griiner showed, 
irainishing the proportion of carbonic oxide escaping from the throat. The re- 
duction of an iron ore by carbonic oxide only takes place within certain well- 
defined limits, and a knowledge of the laws of chemical equilibrium would have 
saved thousands and thousands of pounds which liave been wasted in building 
unduly high furnaces. I would add that large sums have also been sacrificed in 
the vain attempt to smelt oxide of zinc in the blast-furnace, for which operation 
patents have frequently been sought, in ignorance or defiance of the readiness with 
which the inverse action occurs, so that the reducing action of carbon on oxide of 
zinc may be balanced by the re-oxidation of the reduced zinc by carbonic anhydride, 
which is the product of the reduction. A further instance may he borrowed from 
an electro-chemical process which lias been adopted for obtaining alloys of 
aluminium. As is well known, all attempts to oflect the direct reduction of 
alumina by carbon have failed, because the reaction 

2(Al,Oa) + 3C = 4Al + nCO, 

requires 783*2 calories, while only 201 calories would result from the conversion 
of carbon into carbonic anhydride, therefore the reaction cannot he eflected ; but in 
Cowles process aluminium is nevertheless liberated when alumina is mixed witli 
charcoal and strongly heated by the piissage of an electric cun-eiit. 'Phis result Ls 
due, not to a simple reduction of alumina, hut to its dissociation at the high tem- 
perature produced by the passage of a current of ],(>00 amperes between carbon 
poles, the liberated aluminium bc'ing at once removed from the system ))y metallic 
cop[>er wliich is simultaneously present and may not be without action itself. 

An instance of the importance of these considerations is pre.«ente<l in the 
manufacture of steel by tlic basic process. Much care is devoted to obtain- 
ing conditions which will ensure not only the elimination, but the order of the 
disappearance of the impurities from the molten pig iron. In the basic process ns 
conducted in the closed converter, tlu* phosphorus does not disappear until the 
carbon hUsS left the tluid bath, wliilst, \\hen the open-hearth furnace is used, the 
elimination of the phospliorus may he ell’ected before that of tin* carbon, and it is 
asserted that if the carbon goes lx*fore the phosphorus i-' g»)t rid of, a further 
addition of carbon is necessary, A curious and subtle case of chemical equilibrium 
is here presented. In the ojKiii-heartli furnace and ik ssenu*!* converter respectively, 
the temperatures and pressures are ditfereiit, and the conditions ns (o the presimta- 
tion of oxygen to the fluid b.ath are not the same. The lesult is that the relative 
rates of oxidation of the ]>liosplu>nis and carbon are difllu-ent in the two cases, 
although in either case, with a given method of W'orking, thcT’o must be a ratio 
between the phosphorus and cari>on in which they dihappt‘ar simultaneously. 
The industrial bearing of the question is very remarkable. In the basic Hosserner 
process the tendency of the phosphorus to linger in tlie bath renders an 'after- 
blow’ nf*cessary, it may bo only of a few'seconds’ duration, but much iron is never- 
theless burnt and Avasted, and Mr. Gilchrist tells me that if lliis afler-hlow could 
be avoided, a saving of some six per cent, of the yield of st«*el w'ould Ix' effected 
annually, the value of which, at the present rate of output and price of steel, is no 
le.ss than a quarter of a million sterling. 

'I’he larger loss of sulphur by the steel in the coin'ert<T than llint which occurs 
in the »»peii-hearth furnace, and the incrt'asein the percentage of manganese, Avhich 
loaves the slag and returns to the bath of metal in the converter at the end of the 
‘ blow,’ will probably be traced to tho disturbance of equilibrium which attends 
very slight variations in the conditions, especially as regards temperature and 
pressure, under which the operations are conducted. 

In the blast-furnace the reducing action must be greatly dependent on the rate 
at which alkaline cyanides are formed, and llemptd has recently shown, by the 
ai<l of well-devt>ed exjMriments, that the quantity of cyanides Avhich may be 
obtained at a high temperature from carbon, nitrogen, and alkaline oxides, increases 
as the pressure ficcomes greater. 

Metallurgical chemistry is, in fact, a special branch of chemical science which 
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does not come within the ordinary sphere of the academic teaching of chemistry. 
It is often urged that metallurgical practice depends upon the application of 
chemical principles which are well taught in every large centre of instruction in 
this country, but a long series of chemical reactions exist which are of vital 
importance to the metallurgist, though they are not set forth in any British manual 
of chemistry, nor are dealt with in courses of purely chemical lectures. I feel 
hound to insist upon this point, because, as Examiner in Metallurgy for the Science 
and Art Department, I Hud tliat purely analytical and laboratory methods are so 
oft(ui given in the belief that they are applicable to processes conducted on a large 
scale and at high temperatures. 

We are told that technical instruction should be kept apart from scientiGc 
education, which consists in preparing the student to applj" the results of past 
experience in dealing with entirely new sets of condition.s, but it can be shown 
that- there is a whole side of metallurgical teaching which is truly educational, and 
lc‘ads students to acquire the habit of scientific thought as surely as the investiga- 
tion of any other branch of knowledge. 

It is, in fact, hardly ]) 08 .sible in a course of theoretical chemistry to devote 
much attentiou to specific ca-ses of industrial practice in which reactions are incom- 
plete, hecaiiHo they are limited by the presence of bodies that cannot be directly 
eliminated from the chemical system. Take, for instance, the long series of re- 
actions studied by Blattner, who published the results of his investigations in his 
celebrated treati.se, ‘ Die .Metallurgische Kdstprozes.se,’ Freiberg, 185(1, whose work 
I have chosen as a starting-point on account of our presence in Soutli Wales near 
the great copptu* smelting district of Swansea. A complex sulphide, of which 
copper is the main metallic eonstiluont, contains some fifty ounces of silver to the 
ton. The problem may bo suppos('d for the present to be limited to the extraction 
of the precious metal from the mass in whicli it is hidden, and tlie stiuhoit deriving 
Ills kiiowledire from an excellent modern chemical treatise woiihl lind the case 
tliu.s .stated : 

‘ /.lei vogel'.s jjioccss depend*^ u]>on tlie fact that when argentiferous copper pyrites 
Is rousted, Ili<‘ (•()pp(>r and non .siiljiliides are con^crted into insoluble oxidi's, whilst 
the siher is eoioertod iijto a solubh* sulphate wliieh is dissohed out by lixiviating 
the n)a.stcd oio with hot, water, tlie silver being readdy precijiit at ed from this solution 
in the metallie stale.’ 

It is certain that if an ohser\ ant , chemically -trained student \ Isited a silver 
extraction works, and posse.s.'^ed .suflici“nl analytical skill to enable him to secure 
evidence as to the changes that occur, he would find a set of fact.s which his train- 
ing had not enablotl him to iiredict, and he would <‘stablish the existence of a set of 
rt'Hctious to tlie nature of which liis chemical reading had hardly given him a clue. 
'The process to be roiisidered is a simple one, but it is typical, and applies to a 
large proportion of tlie 7,(K)0,(X)0 ounces of silver annually obtained in the world 
from cupriferous compounds, lie would be confronted with a ton or more of 
finely divided material .spread in a thin layer over the bed of a reverberatory fur- 
nace. Suppt)se, the material i.s what is known as a complex regulus as imported 
into Swaii'^ea or prod uciai at Freiberg, to which are added rich native sulphides. 
Tlu‘ mixture then consists of sulphides mainly of iron and cojiper, with some sulphide 
xjf lead, and contains fifty or sixty ounces of silver to the ton, and a few grains 
of gold. It may also contain small quantities of arsenic and antimony as arsenides, 
antimoiiides, and sulpho-.salts, usually with copper as a base. 

The temperature of the furnace in which the operation is to be performed is 
gradually raised, the atmosphere being an oxidising one. The first effect of the 
elevation of the temperature is to distil off sulphur, reducing the sulphides to a 
lower stage of sul})hurisation. Thus siilpliur burns in the furnace atmosphere to 
sulphurous anhydride (SCB), and coming in contact with the material undergoing 
oxidation is converted into sulphuric anhydride (SO,). It should be noted that 
the matcu'ial of the briclcwork does not intervene in the reactions, except by its 
presence as a hot porous mass, but its influence is, nevertheless, consideraole. The 
roasting of those sulphides presents a good case for the study of chemieal equili- 
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brium. As soon as the sulphurous anhydride reaches a certain tension the 
oaddation of Uie sulphide is an'estod, even though an excess of oxygen be 
present, and the oxidation is not resumed until the action of the draught 
changes the conditions of the atmosphere of the furnace, when the lower 
sulphides remaining are slowly oxydised, the copper sulphide being converted into 
copper sulphate mainly hy the intervention of the sulphuric anhydride formed as 
indicated. Probably by /ar the greater part of the iron sulphide only becomes 
sulphate for a very brief period, being decomposed into the oxides of iron, mainly 
ferric oxide, the sulphur passing ofl* Any silver sulphide that is present would 
have been converted into metallic silver at the oiitst?t were it not for the simul- 
taneous presence of other sulphides, notably those of copper and of iron, which 
enables the silver sulphide to become converted into sulpliate. The lead sulphide 
is also converted into sulphate at this low temperature. The heat is now raised 
still further with a view to split up the sulphate of cojiper, the decomposition of 
wliich leaves oxide of copper. If, as in this case, the bases are weak, tlie sulphuric 
anhydride escapes mainly as such ; but when the sulphates of strong(‘r bases are 
decomposed the sulphuric anhydride is to a great extent decomposed into a mix- 
ture of sulphurous anhydride and oxygen. The sulplinric anhydride, resultingfroni 
the decomposition of this copper sulphate, converts the silver into sulphate, and 
maintains it as sucli, just jis, in turn, at a lower temperature, the copper itself had 
been maintained in the form of sulphate hy the sulphuric anhydnae eliminated 
from the iron sulphide. Wiien only a little of the copper sulphate remains unde- 
composed, the silver sulphate Ix'gins to split up, and tlie furnace charge mn^'.t 
therefore lie immediately withdrawn, or the whole of the silver .sulphate would bo 
converted into metallic silver, partly by the direct action of heat alone, and partly 
by reactions such as those shown in the following eijuations : — 

Ag2 + II CjO, — - Ag 4- c ,,03 + SOj 

Ag, SO^ + Cu ,0 2Ag 4 (’uSb^ 4 CuO. 

If the charge were not withdrawn, tlie silver would thus lie ctrcctually removed 
from the solvent action of water, and the .smelter’s ell'orts would liave failed 
entind}’. The charge still contains lead .sulphate, n hicli cannot he complet<'Iy 
decorapo>ed at any temperature attainable in the roasting furnace, except in the 
preseuee of silica, and it is well to leave it wliere it is if the residue ha.H subse- 
quently to be smelted witli a view to the extraction of the gold. The elimination 
of arsenic and antimony gives rise to problems of much interest, and again con- 
fronts the smelter with a case of chemical er^uilibrium. For the sake of brtn ity it 
will Ije well for the present to limit the consideration to the removal of antimonv, 
which may V supposed to l>e pre.sent as sulphide. .Some siil])bide of nntiiiionv is 
distilled olf, but this is not its only mode of escape. An attem])t to remove 
antimonv by rapid oxidation would be attended with the danger of converting it 
into insoluble antiraoniates of the metals present in tlie charge. In the early 
stages of the roasting it is therefore nece'^srtry to employ a very low temperature, 
and the prc'-euce of steam is found to be u.seful a.s a source of liydrogen, which 
removes sulphur as hydrogen sulphide, the gas Ixdng freely evolved. The reaction 

Sb./;,4.31L :{Il2S4 2Sb 

between hydrogen and sulpliide of anliiiiony is, however, endothermic, and could 
not, therefore, take place without the aid which is afforded by external heat. The 
facts appear to he as follows: sulphide of antimony, when heated, dissociates, and 
the tension of the sulphur vapour would produce a state of equilibrium if tho 
sulphur thus liberated were not seized by the hydrogen and removed from tho 
system. dTio equilibrium is thus de.stroy<3<l and fresli .sulphide is dis.sociated. Tho 
general result being that the equilibrium of tho system is continually restored and 
destroyixi until the sulphide is decomposed. dliC4intimony combines with oxygon 
and escapes as volatile oxide, os does also the arsenic, a portion of which is vola- 
tilised as sulphide. 

The main object of the process which has been considered is tho formation of 
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soluble sulphate of silver. If arsenic and antimony have not been eliminated, their 
presence at the end of the operation will be specially inconvenient, as they 
give rise to the formation of arseniate and antimoniate of silver, insoluble in 
-water, which may necessitate the treatment of the residues by an entirely different 
process from that which has hitherto been considered. 

It will have been evident that effecting this series of changes demands the 
exercise of the utmost skill, care, and patience. The operations beginning at a 
dull red heat, or a temperature of some 500®, are completed at 700°, within a 
range, that is, of 200°. Judicious stirring has been necessary to prevent the 
formation of crusts of sulphates, which would impede the reactions, and, as has 
been shown, an undue elevation of temperature within a very limited range would, 
at any stage, have been fatal to the success of the operation. It is difficult to 
appreciate too highly the delicacy of sight and touch which enables an operator to 
judge by the aid of rough tests, but mainly from the tint of the streak revealed 
when the mass is rabbled, whether any particular stage has or has not been 
reached, and it will be obvious that the requisite skill is acquired solely by obser- 
vation and experiment. The technical instructor may impart information as to 
the routine to be followed, and the appearances to be observed, but scientific 
knowledge of a high order can alone enable the operator to contend with the 
disturbing influences introduced by the presence of unexpected elements or by 
untoward variations in temperature. In the training of a metallurgist it is 
impossible to separate education from instruction, and the above description of a 
vei 7 ordinary operation will show the intimate relations between science and 
practice which are characteristic of metallurgical operations. Practice is depen- 
dent on science for its advancement, but scientific workers too often hesitate to 
attack metallurgical problems, and to devote the resources of modern investiga- 
tion to their solution, Ix'cause they are not aw’are of the great interest of the 
physical and chemical problems which are connected with many very simple 
metallurgical processes, especially with those that are conducted at high tem- 
peratures. 

Proceeding vet one step further, suppose that the copper smelter takes posses- 
sion of the residual mass, consisting mainly of oxide of copper, he would smelt it 
with fresh sulphide ores and obtain, as a slag from the earthy matters of the ore, 
a ferrous silicate containing some small proportion of copper. The displacement 
of the copper from this silicate may he enected by fusing it with sulphide of iron, 
a fusible sulphide of iron and copper being formed which readily separates from 
the slag. By this reaction some twenty thousand tons of copper are added to the 
world’s annual production. IVoceeding a step further, suppose the smelter to have 
reduced liia copper to tlie metallic state. If arsenic had been originally present in 
the ore, and liad not been eliminated entirely in the roasting, extraordinary diffi- 
culties would be met with in the later stages of the process, in extracting small 
quantifies of arsenic which resist the smelter’s elTorts. Copper, moreover, con- 
taining above one per cent, of arsenic cannot be ‘ overpoled,’ as the presence of arsenic 
hinders the action of gases on the copper. The amount of arsenic whicli the copper- 
smelter has to remove may vary from mere traces up to one per cent., and if the 
copper is destined for the use of the electrical engineer, he "will insist on its being 
as pure as possible, for the presence of a trace of araenic would materially increase 
the electrical resistance of the copper, and would be fatal to its use in submarine 
telegraphy. If, on the other hand, the copper is intended for the maker of locomo- 
tive fire-boxes, he will encourage the retention of small quantities of arsenic, as- 
it is found to actually increase the endurance of the copper, and the smelter will 
in such a case have no inducement to employ the basic furnace lining which Mr. 
Gilchrist has offered him, nor will he care to use the special methods for the- 
removal of arsenic with which he is familiar. It may all seem simple enough, 
hut the modern process of copper smelting has been laboriously built up, and has a 
long and interesting pedigree which may he traced to at least the eighth century, 
when Geher described the regulus ‘ coarse metal ’ as being * black mixed with 
livid,’ and our familiar ‘ blue metal ’ ns being * of a most clean and pleasant violet 
colour,’ and indicated the reason for the dilference. 

1801 . QQ 
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(3) The foregoi^ instances have been given to indicate the general nature of 
metallurgical chemistry. Jt will be well now to show how the great advances in 
metallurgical practice have been made in the past, with a view to ascertain 
what principles should guide us in the future. 

It is a grave mistake to suppose that in industry, any more than in art, national 
advance takes place always unaer the guidance of a master possessed of some new 
gift of invention, yet we have been reminded that we are apt to be reverent to 
these alone, as if the nation liad been un progressive, and suddenly awakened by the 
genius of one man. The way for any gi‘eat technical advance is prepared by the 
patient acquisition of facts by investigators of pure science. AVlietlier the in- 
vestigators are few or many, and consequently whether progress is slow or rapid, 
will depend in no small measure on the spirit of the nation as a whole. A genius 
whose practical order of mind enables him to make some great invention suddenly 
arises, apparently by chance, but his coming will, in most cases, be found to have 

* followea haid upon ’ the discovery by some scientific worker of an important 
fact, or even the accurate determination of a .set of physical constants. No 
elabiirate monograph need have reached tlie practical man — a newspaper para- 
graph, or a lecture at a Mt'chanics’ Institute may have been sullicient to give 
him the necessary impulse; but the posseasors o? minds which are essentially 
practical often forget how \ ahiable to them have been the fragments of knowledge 
they have so insensibly aajuired that tht‘y are almost unconscious of having 
received any external aid. 

The investigating and the industrial faculty aro sometimes, though rarely, 
united in one individual, llapid advance is often made ])v thc)ae who are un- 
trammelled by a burden of precedent, but it .should be rtmembered that tliough the 
few successes, which have been altaihed in the course* of ignorant practice, may 
come into prominence, none of the countless failures are seen. 

I would briefly direct attention to certain processes which have been adopted 
since the year 1841), when Dr. IVrcy presided over tliis Section at liirmingliam, 
a great metallurgical centre. In tliat year the IVesident of the Association 
made a reference to metallurgy, a very brief one, for Dr. Uobin''on only said ‘ the 
manufacture of iron has been augmented .nix-fold by the use of the piuldhng-furnaco 
and the liot-bla.st, lioth gifts of theory and so, it may b(‘ add(‘d, are most of the 
important processes w hich have since l>een devised. Take the greatest inctulliirgical 
advance of all, the lle.sseiuer process, which has probably (hme more than any 
otlier to promote the material advance of all countries. It was tirst communicated 
to the world at the Cheltenliam Meeting of the British Association, l^oG. Its 
nature is well known, and I need only say that it depends on the fact that vvlien 
air is blown through a liath of impure molten iron,8utBcient lieat is evolved by flu* 
rapid combustion of silicon, manganese, and carlion to maintain the bath fluid 
after these elements have lx‘en eliminate, there being no external .source of lieat, 
a.s there is in the puddling funiaco or the refinery hearth. We have ive^ ntly 
been told that at an early and perilous stage of the Ik'ssenu'r prrx ess confidence in 
the experiments was re.stored by the obs<.*rvation that the temperature of the 

* blown ’ metal c«)int8ined in a crucible W'as higher than that of tlie furnace in which 
it was placed. The historian of the future wdll not fail to record that the way for 
the Bee.seraer process liad been prepared by the theoretical work of Andrews, 1848, 
and of Favre and Billxjrmann, l8o2, whose work on the calorific power of various 
elements showed that silicon and pliosphonis might be utili.sed as fuel, because 
great heat is engendered by their combustion. 

The basic process for removing phosphorus, a process of great national import- 
ance, the development of which we owe to Thomas and Gilchrist, is entirely the 
outcome of purely theoretical teaching, in connection with which the names of 
Gruner and Percy deserve special mention. Jn the other great group of processes 
for the production of steel, those in which Siemens’ regenerative furnace is em- 
ployed, we have the direct influence of a highly trained theorist, who concluded 
nis address as President of this Association in 1882 b^ reminding us that ^ in tlie 
great workshop of nature there is no line of demarcation to be drawn between the 
most exalted speculation and commonplace practice.’ The recent introduction of 
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the method oi heating by radiation is, of course, the result of purely theoretical 
considerations. 

, The progress in the methods of extracting the precious metals has been very 
great, both on the chemical and engineering sides, but it is curious that in the 
metallurgy of gold and silver many ancient processes survive which were arrived 
at empirically, — a noteworthy exception being presented by the chlorine process 
for refining gold, by the aid of which many millions sterling of gold have been 
purified. The late Mr. II. B, ^liller based this process for separating silver from 
gold on the knowledge of the fact that chloride of gold cannot exist at a bright 
red heat. The tension of dissociation of chloride of gold is high, but the precious 
metal is not carried forward by the gaseous stream, at least not while chloride of 
silver is being formed. 

The influence of scientific investigation is, however, more evident in that por- 
tion of tlie nietallurgic art which deals with the adaptation of metals lor use, rather 
than with their actual extraction from the ores. 

Only sixteen years ago Sir Nathaniel Barnahy, then Director of Naval Uonstruc- 
tion, wrote, ‘ our distrust of steel is so great that the material may be said to be 
altogether unused bv private ship-builders .... and marine engineers appear to 
he equally afraid of it.’ He adds, ‘ the question we have to put to the steelmakers 
is, what are our prospects of obtaining a material whicli we can use without such 
delicate manipulation and so much fear and trembling r* ’ All this is changed, for, 
as Mr. I'dgar informs me, in the year ending on June DO last, no loss than 401 
ships, of three (juarters of a million gross tonnage, were being built of steel in the 
United Kingdom. 

Why is it, then, that steel has become the material on which wo rely for our 
ships and for our national defence, and of whicli such a splendid structure as the 
Forth Bridge is constructed ? It is because side by side with great improvement 
in the quality of certain varieties of steel, which is the result of using the open- 
hearth ])rocess, elaborate researches have shown what is the most suitable 
mechanical and thermal treatment for tlie metal; hut the adaptation of steel for 
industrial use is only typical, as tlie interest in this l>rancli of metallurgy gene- 
rally appears for the moment to be centred in the question wliether metals can, like 
many metalloids, pass under the application of heat or mechanical stress from a 
normal state to an allot ropic one, or whetlicr metals may even exist in numerous 
isomeric states. 

It IS impossible to deal historically with the subject now further than by stating 
that the bt'lit'f in more than one ‘ moditicalion ’ is old and widespread, and was e.x- 
piH‘S8ed by Ihiracelsiis, who thought that copper ^contains in itself its female,’ 
which could bo isolated so as to give *l\vo imdals' .... Mitferent in their 
fusion and malleability’ as steel and iron difler. AVitliin the last few years 
Schiit/.enhergcr lias shown that two modilicalions of copper can exist, the normal 
one having a density of 8*05, while that of the allotropic modilication is only 8-0, 
and is iiiori'over rapidly attacked by dilute nitric acid which is without action on 
ordinary copper. It may bo added that Lord Bayleigh's plea for the investigation 
of the simpler chemical reactions has been partly met, in the case of copper, by 
the experiments coudneted by V. II. Veley on the coiidiLioiis of chemical change 
between nitric acid and certain metals. 

Hergmnmi, 1 78 1^ actually calls iron polymorphous, and says that it plays the 
part of muiiv ntetals. ‘Adfo iit jure dici queat pol>morphum feniim plurium 
simul inetallorum vices sustinere.’ Osmond has recently demonstrated the fact 
that at least two modilicationa of iron must exist. 

Professor Spring, of Liege, has given evidence that in cooling lead-tin alloys 
nolymerisatioii may take place after the alloys have become solid, and it seems to 
he admitted that, tlie same cause underlies both jiolymerisation and allotropy. 
The phenomenon of allotropy is dependent upon the number of the atoms in 
each molecule, hut wo are at present far from being able to say what degree of 
imjKirtance is to bo attached to the relative distance between the atoms of a metal 
or to the * position of one and the same atom ’ iu a metallic molecule, whether 
the metal be alloyed or free; and it must be admitted that in this respect organic 
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chemistry is far iu advance of raetallurjric chemistry. I cannot, as yet, state what 
is the atomic grouping in the brilliantly-coloured gold-aluminium alloy, AuAlj, 
which I have had the good fortune to discover, but, in it, the gold is probably 
present in the same state as that in which it occurs in the purple of cassius. 

Much valuable information on the important question of allotropy in metals has 
already been gathered by Pionchon, Ditte, Moissan, Le Chatelier, and Osmond, 
but reference can only be made to the work of the two latter. Le Chatelier con- 
cludes that in metals which do not undergo molecular transformation the electrical 
resistance increases proportionally to the temperature. The same law holds good 
for other metals at temperatures above that at which their last change takes place, 
for example in the case of nickel above 340^^, and in that of iron above 850®. 

It is probable that minute quantities of foreign matter which profoundly modify 
the structure of ma.sses of metal aLo induce allotropic changes. In the case of 
the remarkable action of impurities upon pure gold I have suggested that the 
modifications which are produced may have direct connection with the periodic 
law of Mendel^eff, and that the cause.s of the specific variations in the properties 
of iron and steel may thus be explained. The question is of great industrial im- 
portance, especially in the case of iron ; and Osmond, whose excellent work I have 
already brought before the members of this Association in a lecture delivered at 
Newcastle in 1881), has specially studied the influence upon iron exerted by certain 
elements. lie shows that elements whose atomic volumes aie smaller than that 
of iron delay, during the cooling of a mass of iron from a red heat, the change of 
the or hard \ariety of iron, to the «, or soft variety. On the other hand, 
elements wliovse atomic volumes are greater than that of iron tend to hasten the 
change of ,3 to « iron. It is, however, unnecessary to dwell upon this subject, as 
it was dealt with lost year in the Address of the President of the A.^sociation. 

It may be added that the recent use of nickel-steel for armour plate and the 
advocacy of the use of copper-steel for certain purposes, is the industrial jii.stiflca- 
tion of my own 'views as to the influence of the atomic volume of an n<lded element 
on the mevdianical pro|K*rties of iron, and it is remarkable that the two bodies, silicon 
and aluminium, the properties of which when in a free state are so totally different, 
should, nevertheless, when they are alloyed with iron, affect it in the same way. 
Silicon and aluminium have almost the same atomic Vdliimes. 

The consequences of allotropic changes wliicli result in alteration of structure 
are very great. The case of the tin regimental buttons which fell into a shapeless 
heap when exposed to the rigorous winter at .Sf. Petersburg is well knowm. The 
recent remarkable discovery by Ilopkinson of the change.s in the density of nickel- 
.steel (containing 22 per cent, of nickel) which are produced by cooling to -.W, 
affords another instance. Thi.s variety of steel, after being frozen, is readily 
magnetizable, although it was not so IxTore; its deri'^ity, moreover, is permanently 
reduced by no less than 2 p(*r cent, by the expo.sure to cold ; and it is startling to 
contemplate the effect which would be produced by a visit to the arctic regions of 
a ship of war built in a teraper.ate climate of ordinary steel and clad with some 
three thousand ion» of such nickel-steel armour ; the shearing which would result 
from the expansion of the armour by exposure to cohl would destroy the ship. 
Experimental compound armour-plates have been made faced with 25 per cent, 
nickel-steel, but it remains to be .seen whfdher a similar though lessened effect 
would Ije produced on the steel containing 6 to 7 per cent, of nickel, specially 
studied by J. Kiley, the use of which is warmly advocated for defensive puqioses. 
Further information as to the molecular condition of nickel-steel hasvvitbin the 
last few weeks lieen given by Mercadier, who has shown that alloving in>n with 
25 per cent, of nickel renders the metal isotropic. 

The molecular beliaviour of alloys is indeed most interesting. W. Spring has 
shown, in a long series of investigations, that alloys may be formed at the ordinary 
temfierature, provided that minute partic]e.s of f he constituent metals are submitted 
to great preastire. W. Hallock has recently given strong evidence in favour of 
the view that an alloy can be pro<liJced from its constituent metals with but slight 
pressure if the temperature to which the mass is submitted lie above the melting- 
point of the alloy, even though it be far below the melting-point of the moat easily 
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fusible constituent. A further instance is thus afforded of the fact that a variation 
of either temperature or pressure will effect the union of solids. It may be added 
that B. 0. Damien is attemptinp: to determine what variation in the melting-point 
of alloys is produced by fusing them under a pressure of two hundred atmospheres. 
Italian physicists are also working on the compressibility of metals, and F. Boggio- 
Lera has recently established the existence of an interesting relation between the 
coefficient of cubic compressibility, the specific gravity, and the atomic weight of 
metals. 

Few questions are more important than the measurement of very high tempera- 
tures. Within the last few years II. le Chatelier has given us a thermo-couple of 
platinum with platinum containing 10 per cent, of rhodium, by the aid of which 
the problem of the measurement of high temperatures has been greatly simplified. 
A trustworthy pyrometer is now at luind for daily use in work^i, and the liberality 
of the Institution of Mechanical Engineers has enabled me to conduct an investi- 
gation which has resulted in the adoption of a simple appliance for obtaining, in 
the form of curves, photographic records of the cooling of masses ^of metal. A 
report on the subject has alrt'adv been submitted to a Committee, of which the 
Director-General of Ordnance Factories is the Chairman ; and Dr. Anderson, to 
whom I am indebted for valuable assistance and advice, intends to add this new 
method for obtaining autograpliic cur\e3 of pyrometric measurements to the 
numerous self-recording appliances used in the Government factories which he 
controls. It has proved to he easy to ascertain, by the aid of this pyrometer, 
what thermal changes take place during th(‘ c loling of molten masses of alloys, 
and it is possible to compare tlie rate of cooling of a white-hot steel ingot at defi- 
nite positions situated respectively near its surface and at its centre, and thus to 
.solve a problem whicli lias hitherto been considered to he beyond the range of 
ordinary experimental methods. Some of the curves already obtained are of much 
interest, and will lie submitted to the Section. It is probable that the form of the 
curve which represents the solidification and cooling of a mass of molten metal 
afi’ords an (exceedingly delicate indicate »n as to its purity. 

Prof. JI. E. Armstrong holds that the molecules of a metal can unite to form 
complexes with powers of coherence which vary with the presence of impurity. 
Crookes, a receut lieautiful investigation, has taught us how electrical evapora- 
tion of solid metals maybe set up in vacuo, and has sliown that even an alloy may 
he decomposed by such moans. We may liope tliat suoli work will enable us to 
understand the principles on wliich the strength of materials depends. 

B(‘fore leaving the consideration of que.stions connected Avith the molecular 
constitution of metals, I would specially refer to the excellent work of lleycock 
and Neville, who liave extended to certain metals with low melting-points Baoiilt’s 
inve.stigations on the elVect of impurity on the lowering of the freezing-point of 
solids. With tin* aid of oiu‘ of my own students, TI. (\ Jenkins, I have further 
extended the experiments by studying the efiect of impurity on the fivezing-point 
of gold. Kamsay, by adopting Itaoult’s vapour-pressure imghod, has been led to 
the conclusion that when in solution in mercur}' the atom of a metal is, as a rule, 
identical witli its molecule. The important research on the liquation of alloys has 
been extended by E. Matthey to the platinum-gold and palladium-gold series, in 
which the manipulation pre.seiited many difliculties ; and E..I. Ball has studied the 
cases presented by the antimony-coj>p(‘r-lead series. Dr. Alder Wright has con- 
tinued his own important investigation upon ternary alloys, and A. P. Laurie has 
worked on the electro-motive force of the coppei'-ziiic and copper-tin and gold-tin 
series, a field of research which promises fruitful results. 

In no direction is advance more marked than in the mecliauical testing of 
metals, in wliich branch of investigation this country, guided by Kirkaldy, un- 
doubtedly took the leading part, and in connection with which Kennedy and Unwin 
have established world-wide reputations. I would also specially mention the work 
which has been carried on at the Ooveniment testing works at Berlin under Dr. 
Wedding, and the elaborate investigations conducted at the Watertown Arsenal, 
Massachusetts, not to mention the numerous continental testing laboratories directed 
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by such men as Bauschin^er, Jenny, and Tetmajer. Perhaps the most important 
recent work is that described by Prof. Martens, of Berlin, on the influence of heat 
on the strength of iron. 

I might have dwelt at length on all these matters without doing half the 
service to metallurgy that I hope to render by earnestly pleading for the more 
extended teaching of the subject throughout the country, and for better laboratories, 
arranged on the model of engiiieering laboratories, in which the teaching is con- 
ducted with the. aid of complete, though small, * plant.’ The Science and Art 
Department has done great and lasting service by directing that metallurgy shall 
be taught practically, but much remains to bo done. With regard to laboratories 
in works, which are too often mere sheds, placed, say, l)ehind the boiler-house, when 
may we hope to rival the Oerman chemical firm wfiich has recently snout 19,000/. 
upon its laboratories, in which research will be vigorously conducted P There is 
hardly any branch of inoiganic chemistry wdiich the metallurgist can aflbrd to 
neglect, while many branches both of physics and mechanics are of utmost 
importance to him. 

The "wide range of study upon which a metallurgical student is rightly expected 
to enter is leading, it is to be feared, to diminut ion in tlie time devoted to analytical 
chemistry, and this most serious question should be pressed upon the attention of 
all who are responsible for the training of our future chemists. There can be no 
question that siillicient importance is not attaclied to the estimation of ^traces,’ an 
analysis being considenal to be .sati'^factor} if the constituents found 1 up to 
Otl'D, although a knowledge as to \%'hat ehunents represent the missing inav ho 
more useful in atfordinir an exjdanation of the defects in a material n all the 
rest of the analysis. This matter is of growing interest to practical nr and may 
explain their marked preference for chemists who have been trained w'orks, to 
those who have been educated in a college laboratory. 

The necessitv for atfonling public in‘'truction in mining and meta ^y, W’ith a 
xiew'to the full development of the iniiu‘ral w’ealth of a nation, is ^ell knowm. 
Tile io-sues at stake are ."O va.st, that in this country it was conshhue desirable to 
provide a cmitre of instruction in which the teaching f)f mining and nudalliirgy 
ahouM not be hd’t to private enferpri'ie er e\en entru.sted to a ror])oration, but 
should he under the direct control of the (lovenimeut. With this end in \iew, the 
lioyal School of Mines wa.s founded in 1 Sol, and Im.s supplied a body of well- 
trained men wlio have done excellent .service f<)r the country and her colonies. 
The (iovernmeut has recently taken a step in advance, and lias further recognised 
the national importance of tin? teaching of mining and metallurgy by directing that 
the School of Mines shall be incorporated with the Koval College of Science, 
which is, I believe, destined to lead tlie scientific education of the nation. 

It is to he feared that as regards metnlliferoii.s mining, other than that relating 
to iron, our country lias seen its best days, hut the extraordinary mineral wealth 
of our colonies has recently h<*en admirably de9cril)ed by mv colleague, Professor 
I.ie Xeve Foster, in the inauguml lecture he deliv(*red early in the pre.sent year 
on his appointment to the chair so long held by Sir Waringtou Smyth. We 
ehall, however, l)e able fo rightly estimate the value of our birlhriglit when the 
Imperial Institute is opened next year, and the natim will have reason to be 
grateful to Sir Frederick Abel for the care he is devoting to the devadopment of 
this great institution, which will become the visible exponent of the splendours 
of our Indian and colonial resources, as w'ell as a centre of information. 

The rapid growth of technical literature renders it iiiinecessarv for a president of 
a Section to devote his a/ldress to recording the progress of the subject ho repre-sents. 
A.S regards the most important part of our national metallurgy, this has, moreover, 
been admirably done by successive President.s of the Iron ani Steel Institute, but 
it may have b^n expected that references would Iiav’e lK‘eri ran do to the main pro- 
cesses which have been adopted since I'ercy occupied this chair in 1 849. I have 
not done so, because an enumeration of the processes would have been wholly in- 
adequate, and a deiscription of them impossible in the time at my disposal. Never- 
theless, it may be well to remind the Section of a few of tne more prominent 
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additions the art has received in the last half century, and to offer a few statements 
to show the maj^nitude on which operations are conducted. As regards iron, in 
the last twenty- five years the price of steel has been reduced from 55/. per ton to 51. 
per ton, but, after giving the world the inestimable boon of cheap steel by the 
labours of Bessemer and of Siemens, we were somewhat slow to accept the teaching 
of experiment as to the best method of treating the new material ; on the other 
hand, Iladfield has brought manganese steel and aluminium steel within the reach 
of the manufacturer, and J. Riley has done much to develop the use of nickel steel. 

In the case of copper, we have mainly contributed to extraordinary development 
of wet processes for its extraction from poor sulphides, and have met the great 
demands for pure metal by the wide adoption of electrolytic processes. 

As regards the precious metals, this country is well to the front, for Great 
Britain and her colonies produce alxiut 38 per cent, of the gold supply of the world j 
and it may be well to add, as an indication of the scale on which operations are 
conducted, that in London alone one* ton of gold and five tons of silver bullion 
can easily be refined in a day. No pains have been spared in perfecting the method 
of assay by which the valm* of gold and silver is ascertained, and during my twenty 
years’ connection with the Royal Mint I have been responsible for the accuracy 
of the standard fineness of no less than five hundred and fifty-five tons of gold 
coin, of an aggregate value of seventy millions five hundred thousand pounds 
sterling. In tlui case of the platinum industry we owe its extraordinary development 
to the skill and enterprise of successive members of the firm of Johnson, Matthey, 
Sc Co., wlio in later years ha%e based their oiierations upon the results of the in- 
vestigations of De\ille and Debray. Some indication of the value of the material 
dealt with may be gatlierod from the statement that two and a half hundredweight 
of platinum may easily be melted in a single charge, and that the firm, in one 
operation, extracted a mass of palladium valued at 30, (MX)?, from gold-platinum ore 
actually worth more than a million sterling. 

I wisli it were ])o.ssible to record the services of those who have advanced 
metallurgy in connection with this Association, but the limitations of lime render 
it diflicult to do more than refer to some lionoured names of past ]>residents of this 
Section. Michael Faraday, president of this Section in 1 837 an J 1 840, prepared 
the first specimen of nickel-steel, an alloy which seems to have so promising a 
future, but we may liardly claim him as a metallurgist; nor should I ho justified in 
referring, in connect ion with metallurgical research, to my own master, Graham, 
president of this Section in 1 830, and again in 1844, were it not that his experiments 
on tlie occlusion of gases by metals have proved to ho of such extraordinary prac- 
tical importance in connection with the metallurgy of iron. Sir IjVoii Playfair 
presided over this Section in 1855, and again in 1859. TTis work in connection 
with Buii.sen on tlie composition of blast-furnace gases was published in the Report 
of this Association in 1847, and formed the earliest of a group of researches, 
amongst whicli those of Sir Lowthian Bell proved to be of so much importance. The 
latter was President of this Section in 1880. Sir F. Abel, President of this Section 
in 1877, rendered enduring service to the Government by his elaborate metal- 
lurgical investigations, in connection with materials used for guns and projectiles, 
as well ns for defensive purposes. I will conclude this section of tlio address by 
n tribute to the ni(*mory of Percy. lie may be said to have created the English 
literature of metallurgy, to have enriched it with the records of his own observa- 
tions, and to liave revived the love of our countrymen for metallurgical investiga- 
tion. His valuable collection of specimens, made while Professor at the Royal 
School of Mines, is now appropriat«dy lodged at South Kensington, and will 
form a lasting memorial of his labours as a teacher. He exerted very note- 
worthy influence in guiding the public to n just appreciation of the labours of 
scientific men, and he lived to see an entire change in the tone of the public 
press in this respect. In the year of Percy’s presidency over this Section the 
* Times ’ gave only one-tenth of a column to a summary of the results of the last 
day but one of the Meeting, although the usual discourse delivered on the previous 
evening had been devoted to a question of great importance — ^ The application 
of Iron to Railway purposes.’ Space was, however, found for the interesting state- 
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ment that the * number of Quakeresses who attended the meetings of the Sections 
was not a little remarkable.’ Compare the slender record of the ‘ Times ’ of 1849 
with its careful chronicle of the proceedings at any recent meeting of the 
Association. 

In drawing this address to a close, I would point to the great importance of 
extending the use of the less known metals. Attention is at present concentrated 
on the production of aluminium, and reference has already been made to the 
Cowles process, in which, as in that of Ht^roult, the reduction of alumina is effected 
by carbon, at the very high temperature of the electric arc ; while, on the other 
hand, in the Kleiner and similar processes, the electric current acts leas as a source 
of heat than hy decomposing a fluid bath, the aluminium being isolated by electro- 
lytic action ; and doubtless, in the immediate future, there will be a rapid increase 
in the number of metallurgical processes that depend on reactions which are .set up 
by submitting chemical systems to electric stress. Incidental reference should be 
made to the growing importance of sodium, not only in cheapening the production 
of aluminium, but as a powerful weapon of research. In 1849, when Tercy was 
president of this Section, magnesium was a curiosity ; now its production consti- 
tutes a considerable iudustry. We may confidently expect to see barium and 
calcium produced on a large scale as soon as (heir utility has been demonstrated by 
research. Minerals containing molybdenum are not rare ; and the metal could 
probably be produced as cheaply as tin if a use were to bo found for it. The 
quantities of vanadium and thallium wdiich are available are also far from incon- 
siderable; but we, as yet, know little of the action of any of these metals when 
alloyed with others which are in daily use. The field for investigation is vast 
indeed, for it must be remembered that valuable qualities rnny be conferred on a 
mass of metal by a very small quantity of another element. The useful qualities 
imparted to platinum by iridium are well known. A small quantity of 
tellurium obliterates the crystalline structure of bismuth ; but we liave lost an 
ancient art, which enabled brittle antimony to be en.-it into useful vessels. Two- 
tenths per cent, of zirconium increases the strength of gold enormou.sly, while the 
same amount of bismuth reduces the tenacity to a very low point. (Ihroinium, 
cobalt, tungsten, titanium, cadmium, zirconium, and lithium are already well 
known in the arts, and the valuable prop«3rlie8 which metallic chromiuiu and 
tungsten confer upon steel are beginning to bo generally recognised, as the last 
Exhibition at Pari.s abundantly showed ; but as isolated metals we know hut 
little of them. Is the developme?it of the rarer metals to bo left to other 
countries? Means for the prosecution of research are forthcoming, and a rich 
reward awaits the labours of chemists who could bring themselves to divert their 
attention, for even a brief period, from the investigation of orgatiic compounds, 
in order to raise alloys from the obscurity iu which they are at pre.^ent left. 

It must not be forgottem that metallurgical enteq)ri.se rests on (1 ) scientific know- 
ledge, (2) capital, and (.‘1) labour, and that if the re.sults of industrial operations are 
to prove remunerative, much must depend on the relation of the.'JO three elements, 
though it is difficult to determine accurately their relative importance. A modern 
ironworks may have an array of ten thou.sand workmen, and commercial siiece.ss or 
failure will depend in no small mea.sure on the mi'thod adopted in organising the 
labour. The relation.s between capital and labour are of .so rnucli interest at the 
present time that I do not lie.sitate to offer a few words on the .subject. 

Many examples might be borrowed frf>m metallurgical enterprise's in this and 
other countries to show that their nature is often precarious, and tliat failure is easily 
induced by what appear to bfj comparatively slight causes. Capitalists might 
consequently tend to select (lovernraent securitit*.s for investment in preference to 
metallurgical works, and the lal)ouring |>opulation would then severely suffer. It is 
only reasonable, therefore, that if capitalists arc exposed to great risks, they should, 
in the event of success, receive the greater part of the profits. There Ls a widespread 
feeling that the interests of capital and labour must be antagonistic, and as it is 
impossible to ignore the fact that the conflict between them is giving rise to grave 
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apprehension, it hecomes the duty of all who possess influence to strive not 
merely for peace, but to range themselves on the side of justice and humanity. The 
great labour question cannot be solved except by assuming as a principle that 
private ownership must be held inviolable, but it must be admitted that there was 
a time when capital had become arbitrary and some kind of united action on the 
part of workmen was needed in self-defence. If, however, we turn to the action 
of the leaders of trades unions in the recent laimentable strikes, we are presented 
with a picture which many of us can only view as that of tyranny of the most 
close ana oppressive kind, in which individual freedom cannot even be recognised. 
There are hundreds of owners of works w’ho long to devote themselves to the true 
welfare of those they employ, but who can do little against the influence of the 
professional agitator, and are merely saddened by contact with prejudice and igno- 
rance. I believe the view to he correct that some system by w’hich the workman 
participates in the profits of enterprise will afford the most hope of putting an end 
to labour disputes, and we are told that profit-sharing tends to destroy the work- 
man's sense of social exclusion from the capitalistic board, and contents him by 
elevating liim from tlio precarious position of a hired labourer. No pains should 
therefore be spared in perfecting a system of profit-sharing. 

Pensions for long service are great aids to patience and fidelity, and very much 
may be hoped from the fa(;t that strenuous efforts are being made by men really 
competent to lead. The rc'.port of the Labour Commission which is now sitting 
will he looked for with keen interest. Watchful care over the health, interests, 
and instruction of the employed is exercised by many owners of works; and in this 
respect the Dowlais Works, which are being transplanted into your midst at 
Cardiff, liave long presented a noteworthy example. Workmen must not forget 
that the choice of their own leaders is in their own liands, and on this the future 
mainly depends. ‘ W'e may lay it down as a perpetual law that workmen’s associa- 
tions should be so organised and governed as to furnish the best and most suitable 
means for attaining wdiat is aimed at, that is to say, for helping each individual 
memlier to better his condition to the utmost in body, mind, and property.’ The 
W’orda wnll bo found in the Kncyclicul letter which Pope Ta^o XIII. has recently 
issued on the ^Condition of Labour.’ To me it is specially interesting that the 
Bisliop of Rome in Ids forcible appeal again and again cites the opinion of St. 
Thomas Aquinas, wlio w’as a learned chemist as well as a theologian. 

Those of us w'ho realise that ‘ the higher mysteries of being, if penetrable at all 
by human intellect, re(piiie other weapons than those of calculation and experiment,’ 
should be fully sensible of our individual re.sponsibility. Seeing that the study of the 
relations between capital and labour involve the consideration of the complex 
problems of existence, the solution of which is at present hidden from us, we shall 
leelw'ith Andrew Lang that ‘where, as matter of science, we know' nothing, we 
can only utter the message of our temperament.’ My own leads me to hope that 
the patrioti*im of the w'orkmen will 'prevent them from driving oiir national 
indu.'^tries from these shores, and I W'ould ai^k those to whom the direction of the 
metallurg-ical works of this country is confided, to remember that we have to 
deal both with metals and with men, and have reason to be grateful to all who 
extend the boundaries, not only of our knowledge, but also of our sympathy. 


The following Reports were read : — 

1. I^cport of the Committee on International Standards for the Analysis of 
Iron and Steel . — See Reports, p. 273. 


2. Be^mrt of the Action of Light upon Dyed Colours . — See Reports, p. 263. 


3. Beport on the Influence of the silent discharge of Electricity on Oxygen 
and other Oases . — See Reports, p. 264. 
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4. Heport on the Bibliography of Solution , — See Reports, p. 273. 


5. Report on the Properties of Solutions . — See Reports, p. 273. 


6. Report on the Bibliography of Spectroscopy . — See Reports, p, 264. 


FRIDA Ty A UO UST 21 . 

The following Report and Papers were read : — 

1. Report of the Committee on the Pormatlon of Haloids. 
See Reports, p. 274. 


2. The Spontaneous Ignition of Goal. By Professor Vivian B. Lewes. 

Ever since Berzelius first suggested that the heat evolved hy the oxidation of 
the pyrites in coal might have an important bearing on spontaneous ignition, it 
havS been adopted as tne popular e.xplanat ion of that phenomenon, and although 
the researches of Richter and others have gone far to disprove it, this tlieory is the 
generally accepted one. It can l)e sliowm, however, that the coals most liable to 
spontaneous ignition often contain as little as 0*8 per cent. ofpyritt*s, and rarely more 
than 2 per cent., and if this amount were concentrated in one spot, instead of being 
spread over a very largo mass, and if it were entirely oxidised with tlie greatest 
rapidity, instead of taking months and often years to complete the action, tlu‘ total 
rise of temperature would be totally inadequate to account for ignition of the coal, 
which requires a temperature of 87{P C. to 477° C., according to its characteristics. 
The liability to spontaneous ignition also does not increast) wdtii percentage of 
pyrites, whilst heaps of pure pyrites free from carbonaceous matter never show any 
tendency to serious heating. 

The true explanation of the ignition of coal is partly physical and partly che- 
mical. Freshly won coal has the power of absorbing from l-b to .3 times its volume 
of oxygen from the air, and this being rendered chemically highly active, partly 
by compression and partly by elimination of nitrogen, attacks some of the bitu- 
minous hydrocarbons in the coal, converting them into carbon dioxide and water 
vapour. Many causes tend to affect the rapidity of this action, which is the real 
source of the heat, and directly the temperature begins to rise, unless the heat 
evolved can freely diffuse itself, the chemical action is so energetic that ignition 
quickly follows. Up to 38° C. the absorption of o.xygen, and consequent chemical 
action, goes on so slowly that there is little or no chance of undue heating ; but 
directly this temperature is exceeded, with some classes of coal ignition is only a 
question of time and mass. The action of mass, condition, and ternpcu’ature can bo 
beautifully traced in the statistics of spontaneous ignition in coal cargoes, whilst 
the bunker fires, which are now becoming perilously frequent on the fast liners, are 
due entirely to rise in temperature from the bunker bulkheads being too close to 
the hot air up-cast shafts irom the boilers and furnaces. 


8. On Nickel Carbon Oxide and Us Application in Arts and Manufactures, 
By Ludwig Mond, F.B.S. 

The existence of a volatile compound of nickel and carbonic oxide was first 
discovered in the author's London laboratory in October, 1889, in the course of an 
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investigation on which he was engaged with his assistants, Dr. Carl Langer and 
Dr, Friedrich Quincke, into the remarkable property of metallic nickel to induce, 
at the comparatively low temperature of .‘160*^0., the complete dissociation of car- 
bonic oxide into carbon and carbonic acid, which, according to Victor Meyer and 
Carl lianger, by the application of heat alone remains incomplete at a temperature 
of 1,090° C. 

A very small quantity of nickel can effect the dissociation of a large quantity of 
carbonic oxide, and becomes converted into a very voluminous black mass contain- 
ing varying quantities of carbon up to 85 per cent. This mass takes lire on expo- 
sure to air, so tliat it had to be cooled with exclusion of air for the purpose of 
analysis, which was done in a slow current of carbonic oxide gas. This gas was 
subsequently led into a Bunsen burner, so as to keep it out of the atmosphere of 
the room. In this way it was observed that when the cooling had proceeded to a 
certain point (about 160° th) the Bunsen flame became luminous and remained so, 
and even became intenser, down to ordinary atmosplieric temperature. When the 
gas before entering the burner was heated in a glass tube, a metallic mirror was 
obtained, while the luminosity of the flame disappeared. 

At first this phenomenon was referred to the presence in the nickel of an 
unknown element, perhaps to Kruss and Schmidt's Gnomium, which at this time 
still liaunted chemical literature. The metal of the mirror, however, gave all and 
ev(‘ry one of the reactions of nickel with remarkable brilliancy, and an approximate 
dct(*rminati()n of the atomic weight came out so nearly to the very carefully 
determined figure of Russel for nickel (58*68 as compared with 68*74) that there 
could be no doubt about its identity with our well-known old friend, whose cha- 
racter as a simple body, called in question by Kruss and Schmidt, was thus 
rehabililated. 

In repeating the experiment with carbonic oxide, quite free from hydrogen and 
moisture, and only contaminated with nitrogen, the same result was obtained. 
After removing tlie carbonic oxide by cuprous chloride and heating the residual 
gas to 180° in aniline vapour, at which temperature nickel, quite free from carbon, 
is separated, the volume of the gas expanded considerably, and the gas contained 
only nitrogen and carbonic oxide. Ii was thus evident that a volatile compound 
of nickel and carbonic oxide had been obtained, wliicb, on lieating, dissociated into 
its constituents. The increase of volume proved tiiat one volume of gas yielded 
four volumes of carbonic oxide, and the determination of the amount of nickel 
deposited and the carbonic oxide formed led to a proportion of four equivalents of 
carbonic oxide to one of niclvel. 'I’o furtlier study the properties of this compound 
it was iiec(*ssary to produce larger quantities, wliich took a long time to accom- 
plish. By preparing the nickel in a very fine state of division, at the lowest poosi- 
ble temperature, by nxlucin^ the oxide, or, better still, the oxalate, in a current of 
hydrogen at about 400° C., and by carefully purifying and regulating the current 
of carbonic oxide, the compound was formed quite readily, and tlio gas passed 
through a refrigerator, cooled by ice and salt, was condensed to a liquid. 

This liquid is colourless, mobile, highly refracting, possesses a characteristic 
odour, and is very volatile. It is soluble in a large number of organic liquids, 
sucli as alcohol, ether, chloroform, benzole, petroleum, tar oils, &c. It boils at 
48° 0. and 761 mm. pressure without decomposition, and evaporates rapidly at 
ordinary temperatures m a current of other gases. The specific gravity is 1*3186 
at 17° 0. ; at -26° it solidifies, forming needle-shaped crystals; the pure vapour 
explodes when suddenly heated to above 60°, and even when the tulx' containing it is 
scratched roughly with a file. A mixture of the vapour with air explodes violently 
on the applifau ion of a flame. Both the liquid and the vapour are poisonous, the lat- 
ter approximating carbonic oxide in this rCvSjiect. According to an investigation 
kindly undertaken by Professor IMcKendrick, the liquid dissolved in chloroform 
produces, when injected subcutaneously in extremely small doses in rabbits, an 
extraordinary reduction of temperature, amounting in some cases to 12° 0. 

Careful determinations of the quantity of nickel contained in the liquid, made 
by introducing a weighed quantity into chlorine water and precipitation of the 
Euckel from the resulting solution, led to figures agreeing very closely with the 
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fonnula Ni (OO)^, viz , 34'33 and 84*26 percent, of nickel, the formula requiring 
84*28. The vapour density determined by Victor Meyer's method at 60® was found 
equal to 6*01 ; the formula Ni (CO)^ requires 5*89. 

The compound is chemically very inactive ; generally speaking, it only reacts 
with substances having a considerable allinity for nickel, such as the halogens, sul- 
phur, oxygen, and oxidising substances, which combine with the nickel and liber- 
ate carbonic oxjde. Chlorine and bromine when used in excess also enter into 
combination with the carbonic oxide. Sulphur in the dry state forms a sulphide 
of nickel corresponding to the formula Ni.Sg, and dissolved in bi-sulphide of carbon 
it forma a sulphide containing more sulphur, but of var\ ing composition. Selenium 
acts similarly but very slowly. Tellurium shows hardly any action. Metals (even 
potassium) are not acted upon. 

Alkalies and acids (even strong hydrochloric acid) produce no change except 
they are oxidising agents, such as nitric acid and aqua regia. With metallic salts 
no reaction is obtained unless they have oxidising properties as hypochlorites, 
which form a higher oxide of nickel, or which are capable of giving off' sulphur, such 
as hyposulphites and bisulphites. 

The author has tried in vain to substitute otlnu* bivalent groups for the carbonic 
oxide in this compound, or to introduce the carbonic oxide by means of this 
compound into organic substance.^. Kxperiiuents in this (liix*ction have covered a 
very wide range and have included, amongst otliers, the i’ollowing : hydroxylaniine 
hydrochloride, phenylhydrazin hydrochloride hydroxylamine, dichloracetic acid, 
tetrabromphonolbroniide, ethylinecldoride, and aceto-acotic-ethor, but in no single 
instance was the de.sired result obtained. 

On exposure to moist or dry air a tlocculent substance, which varies in colour 
from a light green to a dark brown, is very slowly formed. This substance dis- 
solves completely in dilute acids with evolution of carbonic acid ; numerous 
analyses have not led to a definite proportion between Xi and CO^ in thi.s com- 
pound. On heating it to dull red heat it turns black. Professor lierthelot, in a 
paper recently icommunicated to the Fn'nch Academy of Sciences, assumes that 
this black colour is produced by the .separation of carbon, and bases upon this an 
argument that the compound is of a complex composition, and that the nickel car- 
bon oxide, on exposure to air, behave.s like a real compound radical analogous to 
organometallic radicals. As, however, the black .substance so obtained dissolves 
in dilute acids without leaving any residue, and as an exactly similar black sub- 
stance is obtained by heating precipitated nickel carbonate, tins argument does not 
seem to be conclusive, .‘•ince Professor Ilerthelot ha.s not suljstantiated so important 
a conclusion by a complete analysis of the black substance. 

Pro.fes.sor IJerthelot describt‘S in the same pa])er a very beautiful blue compound 
obtained by treating nickel carlwin oxide with nitric oxide. Unfortunately he does 
not publish an analysis of this beautiful substance either, so that until he ha.s done 
so we are unable to judge of its l)earing on the constitution of nickel carbon oxide. 

With a view to elucidate this constitution the author has, in conjunction with 
Professor li. Nasini, of Pome, studied the physical properties of the liquid, more 
especially its refraction and dispersion. The details of this investigation have been 
-communicated to the Accademia dei Uincei at Rome, and have also been published 
in tlie ‘ Journal fur physikalhsche Chemie.^ 

The author has determined the freezing-point of a dilute solution in benzole 
containing 4*8001 per cent., and has found the coefficient of diminution *2770, 
corresponding to a molecular weight of 176*6 ; while nickel carbon oxide requires 
170*6. The mean cubical coefficient of expansion between 0® and 30® O. is equal to 
*001853, which is one of the highest coefficients of expansion yet found for any 
liquid, and is only slightly exceeded by ethylic ether, ethyl chloride, and silicium 
tetrachloride. The indices of refraction and the dispersion for the lines a, /SI, and y 
of hydrogen, and for the lines of lithium, sodium, and thallium have been deter- 
mined at three different temperatures, and are found to be very high. The dis- 
persion is about the same as carbon disulphide. The refraction varies very much 
with the temperature, the amount of vanation being very nearly equal to that of 
carbon disulphide. The index of refraction for the D line at 10° C. is 1*46843. 
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According to Gladstone’s formula this leads to the specific refraction of *3437 
and the molecular refraction of 68*63. Under the supposition that the group CO 
had the same value in this compound which results from the sum of the atomic re- 
fraction of carbon and that of the divalent oxygen molecule in organic compounds, 
which is the more probable, as the group 00 shows very nearly the same molecular 
refraction in compounds of the most difierent constitution, such as oxalic acid, 
ketones, and carboiiyldichloride, the atomic refraction of nickel would come out 
equal to 25 02. This figure is very much higher, nearly tw’o and a half times as 
high as it is in nickel salts, in which it has been found by Gladstone to be about 
10 ; and about four times as high as the atomic refraction of metallic nickel as 
determined by Kundt and Dubois and Rubens, viz., about 6. 

This difference of the atomic refraction of nickel in this compound and in its 
ordinary combinations is by far greater than that found in any other element. 
According to the generally accepted \iew, such differences are due to the element 
possessing a large number of valencies, and are proportional to the number of 
valencies of each compound. Nickel is generally bivalent. Its very high atomic re- 
fraction in nickel carbon oxide would thus lead to the conclusion that in this 
compound the nickel exercises a considerably higher valency than two, and that 
it bas probably reached its maximum of saturation foreseen by Mendeleeff, who 
placed this metal in the eighth group of bis Periodic System, to be equal to 
eight; so that the constitution of our compound would be a simple combination of 
one octovalent equn aleiit of nickel with four bivalent equivalents of carbonic oxide, 
or that of nickel tetracarbonyl. 

All that we definitely know of the chemical properties of the compound is in 
accord with tliis view of its constitution. 

A determination of the magnetic rotary power of the compound kindly made 
by Dr. W. II. Perkin has shown this to be quite as exceptional as its refraction, 
and, with the e.xception of phosphorus, greater than any substance ho bas yet 
examined. 

I^rofessor (Quincke, of Heidelberg, has bad the kindness to investigate the 
magnetic properties of the liquid, lie found the constant of diamsgnetism, at 
1(P C., A*= —0*131 10-^'^ for magnetic fields of 6,000 to 14,000 O.G.S. units. 

This is nearly the same as tlio constant for ethylic ether = —3*218 x ]0-^°. 

The liquid is an exceptionally bad conductor of electricitj". Up to 40 volts no 
current was observed to pa.ss, the electrodes of 1 sq. cm. area being 1 cm. apart. 

The highly interesting properties of nickel carbon oxide naturally led the 
author to try whether he could not obtain similar compounds of other metals. 
It seemed a foregone conclusion that cobalt, in every respect so much like nickel, 
must give an analogous compound. It seemed probable that otli'^r metals of the 
eighth group and those standing near to nickel in other groups would also 
combine with carbonic oxide. A large number of elements were tried, including 
osmium, palladium, ruthenium, rhodium, iridium, and manganese by acting upon 
them in tbo linely divided state with carbonic oxide gas over a wide range of 
temperature. The author tried it by double decomposition with numerous com- 
pounds, including zinc ethyl and mercury methyl, but, with one sole and single 
exception, without success. 

This sole exception is iron. This metal, too, had for a long time given 
negative results ; but by preparing it at the lowest possible temperature by- 
reduction of the oxalate in a current of hydrogen, and by acting upon this at 
about 80° 0. with a very slow current of very pure carbonic oxide, the author 
succeeded at last, in conjunction with Dr. F. Quincke, in obtaining evidence that a 
volatile compound of this element with carbonic oxide exists. The gas obtained 
imparted a yellow tinge to a Runsen flame and yielded slight metallic mirrors 
composed of pure iron. The quantity of the iron compound in the gas was,, 
however, extremely small. By passing the gas through heavy tav oils, in which 
the cohipound is soluble, but from which it cannot be separated by fractionation, 
as on heating it decomposes the solution into iron and carbonic oxide before it 
volatilises, and by determining the iron and carbonic oxide so obtained, it was 
ascertained, as fur as the very small quantities of the substance available would 
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allow, that it contained iron and carbonic oxide in the proportion of 1 equivalent 
of iron to 4'126 of carbonic oxide, or very nearly 1 to 4. 

Since these results were communicated to tlie Chemical Society (June 18, 
1891) the author has continued the study of this hody,^ in collaboration with 
Dr. Carl Danger, and has obtained it as an amber-coloured liquid, which, on 
standing, deposits tabular crystals of a darker colour, and solidifies entirely below 
— 21° 0. to a mass of needle-shaped crystals. It boils at 102° but leaves n 
small quantity of green-coloured oil behind. 

Several analyses and vapour density determinations have been made, hut it is 
not yet certain whetlier a pure substance is in liand or a mixture of several iron 
carbonyls. The author hopes to be able very shortly to publish a full account 
of this interesting substance, which diilers considerably in its chemical behaviour 
from nickel carbon oxide. 

The fact that under ordinary circumstances nickel alone is acted on when 
ft mixture of this metal with any other metallic or mineral substances is treated 
by carbonic oxide gas led the author to institute t)xperiments to ascertain whether 
it would not be possible by means of carbonic oxide to extract nickel direct from 
its ores, and such metallurgical products as nickel speiss and nickel matte. As the 
nickel is volatilised at the ordinary temperature in the form of a vapour dissemi- 
nated through other gases from w'iiich it can be deposited without tirst condensing 
the nickel compound by simply heating these gases to the moderate temperature of 
200° C., as it is thus obtained in tho form of bright coherent mas^es (*f great 
purity, fts the carbonic oxide used is completely liberated and can bo employed 
over and over again, and as small quantities of the poisonous nickel comi)oiind 
which may escape decomposition would thus never leave the cdosed apparatus 
in which the process would be carried out, it seemed probable that such a ]»roces8 
might be capable of indit^trial application, and might pro've more economical than 
the very complicated operations metallurgists ha\o now to resort to to produce 
tolerably pure nickel. 

Expenments carried out under the author’s instructions by Dr. Danger with a 
great variety of nickel ores from all parts of tlie w orld, containing from 4 to 40 
per cent, of nickel, as well as a iiumlxu* of samples of nickel speiss and nickel 
matte, have proved that a.s long as tho nickel is combined wi(li ar-smic or sulphur 
the process is entirely successful on a laboratory .scale. In the majority of cases 
the nickel has been extracted almost completely in three to four da\s. 

Such ores or matte or speiss have in tho tirst instance to be calcined, .so as to 
convert the nickel completely into oxide. The mass is then reduced in a current 
of hydrogenoas gases, in practice water-gas, at a temperature of 450° C. It is 
cooled down to ordinary temperature and treatctd with carbonic oxide in a suitable 
apparatus. For this jmrposo any good apparatus for treating solids by gases, of 
which a great number are in common use, will an.swer. Methodical apparatus 
moving the reduced ore in a direction opposite to the current ot‘ carbonic oxide, at 
the same time exposing fre.sh surfaces, facilitates the operation. A fter a certain 
time the action of the carlxinic oxide upon the nickel becomes sliiggi.*'h. The mas.s 
is then heated to about ,450° O. in a current of carbonic oxide, winch regenerates 
the activity of the nicked. This may be done in the same apparatus, but it is 
preferable to use a separate apparatus connected with tho first, and from which it 
IS returned to the first by mechanical means, so that each apparatus can be kept at 
the same temperature. The carbonic oxide gas can b(* employed dilute, as it 
is obtained from gas-producers; but since it is continuously^ recovered, a purer gas 
such as can be cheaply prepared by passing carbonic acid through incandescent 
coke is more advantageous, as it extracts the nickel more quickly and requires 
smaller apparatus. The gas charged with the nickel compound leaving the 
apparatus is passed through tubes or chambers boated to about 200° C., in which 
the nickel is deposited. The gas leaving the-o tubes is returned to tho first 
apparatus and circulates continuously. From time to time the nickel is removed 
from the tubes in which it has been depo.sited. To facilitate this operation thin 
nickel sijbeets bent to fit the tubes are inserted, on which the nickel deposits, and 
which are easily taken out. The metal so obtained is almost chemically pure ; 
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only very rarely in the case of certain ores it is slightly contaminated with iron. 
Its density is eq^ual to that of ordinary sheet nickel. Its mechanical properties 
still await investigation. 

As the nickel is deposited in perfectly coherent films upon heated surfaces 
exposed to the gas containing the nickel carbon oxide, the author finds it possible 
to produce direct from such gas articles of solid nickel or goods plated with nickel 
resembling in every way those obtained by galvanic deposition of metals, and 
reproducing with the same exactitude and fineness any design upon such articles. 

This result can also he obtained by immersing heated articles in a solution 
of nickel carbon oxide in such solvents as benzole, petroleum, tar oils, &c., or by 
applying such solution to the heated articles with a brush or otherwise. 

These processes open up a wide perspective of useful application, considerir^ 
the many valuable properties of nickel, especially its power of resisting atmospheric 
and other chemical infiiiences. 


4. On the Electrical Evaporation of Metals and Alloys,^ 
By W. Crookes, JP.U.S, 


5. On the Cause of Imperfections in the Surface of Rolled Copper Alloys. 
By T. Turner, A.R.S.M. 

In those rolled copper alloys which are of a yellow colour it is common to find 
surface stains of a copper colour. These stains render the rolled metal unfit for 
many purposes. The cause of these stains has been much discussed, but no 
definite evidence as to their origin baa been forthcoming. Among the supposed 
causes haMi been overheating during annealing, sulphur in the fuel used, the 
presence nf .soot or ashes, irregularity in the alloy, and the use of an iron stirring- 
rod. The author has conducted a number of experiments, and concludes that none 
of these causes is responsible for the production of the stains observed, but that 
the stains are mertUy on the surface, and are produced by dirt in some form CU' 
other. The use of wash-water containing chlorides, after pickling, is in the 
authors opinion the chief caus(‘ of the imperfections (see ^ Trans. Birmingham 
Phil. Soc.,^ May 1801). 


SATUliDAY, AUGUST 22. 
The Section did not meet. 


AWN DAY, AUGUST 21. 

The following Tapers were read : — 

1. Certain Pyromctric Measurements and Methods of Recording them. 
By Professor W. 0. Roberts- Austen, (7.R., F.R.S. 


2. On the Existence of a Cennpound in Alloys of Gold and Tin, 

By A. P. Laueik, M.A, 

The alloys arc prepared by melting the metals in a clay pipe and drawing into 
the stem. They are then used in place of zinc in a voltaic cell, consisting of 

* See Proceedings of the Royal Society 1 1891. 
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stannic chloridoi fjpold chloride, and gold. ,The E.M.F. is found to rise abruptly on 
passing from alloys containing 86 per cent, to those containing 88 per cent, of tin, 
thus indicating the existence of a compound of the formula AuSn. This agrees 
with the maximum point in Matthiessen’s conductivity curve for these alloys. 
Some preliminary experiments with gold aluminium alloys show that there is a 
rise in E.M.F. on passing over Professor Roberts- Austen’s new purple alloy. This 
method not only indicates the existence of a compound, but also enables us to cal- 
culate approximately the heat of formation of the compound from the rise in 
E.M.F. in passing from the alloys below to those above the compound. 


3. On the Relation between the Composition of a Double Salt and the Com- 
position and Temperature of the Solution in which it is formed. 'Ey 
A. Vernon Harcourt, F.B,S., and F. W. Humphery, of Christ 
Churchy Oxford. 

The particular double salt of which the authors have prepared and analysed 
some seventy specimens is ferrous and ammonium chloride. Probably many other 
double salts, if similarly examined, would show similar variations. When ferrous 
chloride and ammonium chloride are dissolved together in warm w^ater, and the 
saturated liquid is allowed to cool, white crystals are deposited, whose composition 
varies with the proportion of the two salts in solution and with the temperature at 
which the crystals are formed. Since the proportion of the two chlorides in the 
li(^uid and in the crystals which form in the liquid is very diflerent, the compo- 
sition of the liquid changes continually during crystallisation, and no two portions 
of the double salt are formed under exactly the same conditions. In the authors’ 
later experiments the variation from the beginning to the end of a crystallisation 
was reduced to about 2 per cent, by taking a crop of crystals weighing only eight 
or ten grams from a liquid containing some hundreds of grams of each chloride. 
By the use of a water-bath, in which the flask holding the solution was plunged, 
warmed by a gas-burner which was governed by a thermostat in the liquid, the 
temperature was kept at that point at which crystallisation began within 0°‘02 (I 

The general relations observed are as follows : — The proportion of ammonium 
chloride in the salt increases with that in the solution nearly in direct ratio for a 
given temperature, the ratio vaiydng from about thrice the proportion of ammonium 
chloride in the salt that there is in the solution, at the highest temperature, up to 
nearly six times the proportion at the lowest. The same solution yields crystals 
containing more ferrous chloride at a higher temperature and less at a lower. 
Solutions containing two or more molecules of ammonium chloride to one mole- 
cule of ferrous chloride yield well-formed crystals, white and transparent, having 
sides of one millimetre or more in length. When the salt contains twenty or thirty 
molecules of ammonium chloride to one molecule of ferrous chloride the crystals are 
as large as when the proportion of ammonium chloride is smaller. AVith less than 
two moleculas of ammonium chloride the crystals are apt to be very small and to 
resemble those of ammonium chloride in form though not in composition. 

In most cases the composition of tlie crystals can be represented by a formula 
Fe CP, «H^NC1 where n is integral. Salts have been analysed with closely con- 
cordant results in which n has the following values: — 7, 11, 12, 13, 15, 10, 17, 
18, 10, 20, 23. But in some cases, whore equal or greater care has been taken that 
the conditions may not change during crystallisation, the values of n are not 
integral. Also the double salt is hydrated ; the determination of the amount of 
water presents greater difficulties than the rest of the analysis, a temperature of 
about 200° C. being necessary to expel the whole ; the results thus obtained, which 
generally agree with the estimation of water by difference, frequently correspond 
to 2*5 molecules of water for each molecule of ferrous chloride. I*erhaps, there- 
fore, the formulm of the double salts should be multiplied by two, or some larger 
even number. 

The whole of the results obtained can be grouped together in a Table, in which 
each salt is represented by the value of n and is assigned a position showing (1) 
the composition, (2) the temperature, of the solution in which it was formed. 
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4. Some Experiments on the Mdlectdar Refraction of Dissolved Electrolytes., 
By Dr. J. H. Gladstone, F.B.8.,and W. Hibbeet, 

This was a preliminary notice of some experiments undertaken in the hope of 
throwing some further light on the nature of electrolytes in solution, and especially 
on the views advocated by Van tTIoff, Ostwald, and Arrhenius. 

It was discovered many years ago that hydrochloric acid had an increased 
molecular refraction when it was dissolved in water, and it has been more recently 
observed that this increase has further augmented as the solution is made weaker. 
It was now found that on raising the temperature 65° there is a distinct reduction 
•of the molecular refraction. This is scarcely what would be expected from an 
increase of ionic dissociation. It would appear that chloride of lithium follows the 
same law as hydrochloric acid in regard to the effect of dilution, but on raising the 
temperature it was found that the molecular refraction was slightly increased in 
strong solutions, but decidedly decreased in weak ones. Chloride of sodium shows 
much the same molecular relractioiiat different strengths and in different tempera- 
tures. Sulphate of magnesium was examined as a salt of a different type, but it 
closely resembled the sodium chloride. As the results obtained from these four 
electrolytes were .so diverse no general conclu-sions were drawn. 


-5. The Action of Heat on AlJtaline Hypochlorites. By Professor H. M. 
McLeod, F.R.S. 


6. A Sim^de Apparatus for Storing Dry Oases. By W. Symons, F.C.S. 

Requiring some dry carbonic acid gas and ammonia, with only very limited ap- 
pliances at hand, the author was at a loss how to store them. A mercurial trough 
was out of the question. Ordinary petroleum as sold in the oil shops suggested 
itself. For this purpose a Urge wide-mouth bottle had inserted into its cork a 
short delivery tube with a tap, and a metal funnel, with a long metal tube 
reaching m^arly to the bottom of the bottle, also w’itb a tap below the funnel. 
This is to supply the petroleum To increase the pressure the tiiho should be long 
enough above the bottle. A glass tube, open both ends, is inserted in the cork, as 
large as it can he, say ^-iiicli luternal diameter, or more. This reaches to about 
half an inch fr()m the bottom of the bottle. With the cork well secured by 
cement or varnish not acted on by petroleum, the bottle can be tilled with petro- 
leum through the funnel, both taps being open. V^hen full they are closed. A 
glass siphon, with one end turned up and the other end a little enlarged to facili- 
tate tilling it. with petroleum, is then inserted in the large tube, the linger being 
kept on the enlarged end so as to retain the petroleum while inserting it. If the 
whole be air-tight no petroleum will escape, and this will test the gasholder, 
Anotlier tulje, with the bottom turned, also tits into the large tube, and the bent 
end must be kei>t outside it, in the bottom of the bottle, so as to deliver the gas 
into the bottle. To the upper en<l of this tube is attached, by india-rubber 
tubing, tlio gas-generating apparatus, but with a small AVoulfe's bottle intervening 
as a safely bottle to catch any petroleum which may he drawn over by any irregu- 
larity in generating the gas. Of course, the gas must also be passed through a 
drying apparatus. When suflicieiit gas has been collected, both tubes are with- 
drawn, and the gas stored for use. When required, petroleum must be put in the 
funnel, and the supply regulated by the tap. If the gas is to be stored for some 
time the siphon should remain in the gasholder, and the outer end of it be put into 
a bottle partially tilled with petroleum to provide for the expansion or contraction 
of the g-as by variations of temperature or atmospheric pressure. 
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TUESDAY, AUGUST 25. 

The following Reports and Papers were read : — 

1. Report on Isomeric Naphthalene Derivatives. See Reports, p. 265. 

2. Report on Wave-Length Tables of the Sj^ectra of the Elements. 
See Reports, p. 101. 


3. Report on the Ahsorpition Spectra of Parc Compounds. 
See Reports, p. 275. 


4. On the Specific Heat of Basalt. By W. C. RoBnRTS’AusTKN, C.B., 
F.R.S., and A. W. Ruckkr, F.R.S. 

Having been aslv(‘d by the Rev. O. Fisher to determine for him the latent heat 
of basalt, we made some experiments f)n a specimen which was furnished to ns by 
Profe.ssor Judd, Fragments of the rock were melted in a platinum crucible, the 
junction of a thermal couple consisting of platinum with platinum containing 
10 per cent, of rhodium was immersed in tlie pasty mass, which was then allowed 
to cool. Tlie scale of the galvanometer had previously been standardised by an 
observation on the solidifying point of pure gold, and this was repeated from tiin»‘ 
to time whilst the e.xperiraents were in progress. WIumi the spot of light had 
reached the desired point, the wires were nippinl off close to the basalt, and the 
crucible and its contents were jilunged into 1,000 grammes of water contained in a 
silver calorimeter. The water wa.s stirred by a screw or fan of silver, which was 
rotated by an (dectro-inotor. The temperature was ri'ad by means of a mercurial 
tbermometcr which liad been carefully corrected. 

The two main sources of error in the experiments are probably an uncertainty 
as to the mean temperature of the basaltic mn.ss, owing to its being a bad con- 
ductor of heat, and the fact that in the processes of heating and cooling, it 
undergoes more or less important changes of con.stitution. 

The first error was re<luced to email proportions by using small quantities oi 
basalt, the most employed rarely much exceeding liO grammes. 

Tlie second error is in part unavoidable; the rapidly cooled basalt was alwa\s 
gla/ed like olivine. AV*e also found that frequent heatings and ooolinge, and tiu' 
nature of the flame, wliellier oxidising or reducing, (onployed to heat the iiia.«s, 
appeared to aflect the results very seriously. 

In some experiments the crucible wa.s lieated in a sraull ga,s furnace, in otlicr.s 
in a coke funiace. All the former were consistent witli each other, and those of 
the latter group in which fresh specimens of basalt were used, were in agreement 
with them. The results obtained with specimens which had been heated two or 
more times in the coke furaace were, however, very irregular, and as we have not 
definitely proved what was the cause of these discrepancies, we publish our results 
with a certain amount of reserve. In the following table T is tlie temperature (Cent.) 
of the basalt at the moment of immersion, C is the mean specific heat between 
about 2(f C. and T: — 


T. 


T. 

c. 

467 

OlJi'l 

- - - . 

U2i 

()'282 

747 

'217 

U77 

■2HA 

7r,n 

*22.'f 

I t)8;i 

•2s:{ 

7i)2 

: '220 

i.ohO 

•285 

84fi 

1 -257 


•290 

8f)0 

i -277 
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These results are plotted in the figure. 



If Cj .2 be the mean specific heat between two temperatures and we have 
the relation — 

- ^) + 

If then we take the mean specific heat from 20° C. 

to 470° to be 0 11)0 

„ 7r)0° „ 0-2 k; 

„ HX0° „ 0 278 

and „ 1,100° „ 0 200, 

we get tlie following results : — 

The mean specific heat between — 

20° and 470° is OdOO 

170° „ 750° „ -243 

750^ „ 880° „ -020 

880° „ 1,190° 323. 

As Mr. Fisher was anxious to use our results in some calculations, we supplied 
him with approximate numht'rs before all our observations were completed. They 
do not, however, difier much from the above. 

The general result seems to be that the specific heat of basalt follows the 
ordinary rule that the specific heat of a substance is greater in the liquid than in 
the solid state. There is a large absorption of heat in the neighbourhood of 800°, 
which raises the mean specific lieat betwetm 750° and 880° to tlie large value 
of 0-020. 


5. All Apii'trdf tis for Tcsfinff Ijampa. 

Ihj Frofcssor F. Cr.OWFS, F.O.S, 


0. 0)1 J)i<Ji/)))iu'ni from (liffercnf Soureeif, 

]hf Professor C. -M. TiunAirsON, F,C.S. 

According to Kiesewetter and Kruss (Jlerichte, xxi., 2,313), a solution of the 
earths from Yttrolitanite from Arendal shows only three bands due to didymium. 
On examining a moderately concentrated solution after separation from the bulk 
of the other metals by precipitation with potassium sulphate, all the bands 
shown by an ordinary didymium solution of similar strength were seen. 

Specimens of didyraiiiiu from Gadolinito, from Orthite, and from Monazite were 
also examined. AT) difierences as compared with didymium from cerite could be 
observed sufficiently marked to justify the inference that the bands varied in 
strength in an independent maimer. 
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7. On the Nature of Solution. By Profeasor W. Ramsat, F.R.8* 


8. The Interpretation of Certain Chemical Reactions. 
Bt/ C. IL. Botham LEY, F.C.S, 


9. Action of Nitrosyl Chloride on Unsalurated Carbon Compounds. 

By J. J. SUDBOROUGH, B.Sc., A.I.C.J F.C.S. 

The author, after mentioninj^ the work done by Tilden with regard to the 
action of nitrosyl chloride on phenol and on the terpenes,^ and also that of Tonnies 
on the action of the same reagent on am^lene and anethol,'^ gave a brief account of 
experiments, conducted by himself, on the action of nitrosyl chloride on the follow- 
ing substances : eth 3 ’lene, propylene, amylene, cinnamene ; crotonic, oleic, erucic, 
and cinnamic acids. Of these ethylene is chlorinated and forms the dichloride 
C^H^Ol^ ; propylene is practically unacted upon ; amylene forms a iiitroso-chloride, 
CsHpNOCl, melting at 162^: and cinnamene, a similar compound, OgTIgNOCl, 
melting at 97°. Crotonic acid is unacted upon even when heated to 90°, while 
oleic and erucic acids readily form definite nitroso-chlorides, the former melting at 
86° and the latter at 92°. Cinnamic acid is unacted upon when cooled, but forms 
the dichloride C\JI.^O,Cl 2 when heated to 100°. 

The nitroso-chloiides are best prepared by dissolving the substance in chloroform, 
cooling to —10°, and then pas^ing the nitrosyl chloride in until there is a strong 
smell of it. The chloroform is then evaporated olV, and the nitroso-chloride recrys- 
tallised from alcohol or chloroform. 

These nitro-so -chlorides are not merely molecular compounds, but definite and 
stable bodies undecomposed by alcohol or water. 

Up to the present the author can find no law.s regulating the action of nitrosyl 
chloride on various carbon compounds, but he hope^^ to continue the work at some 
future date with that object in view. 


10. On the Formation of Peaty Colouring Matters in Sewage by the Action 
of Micro-organisms. By W. E. Adenev, F.I.C.y Assoc. R.C.Sc.I.^ 
Curator, Royal University of Ireland. (Preliminary Notice.) 

The author gave a preliminary description of some experiments showing that 
W'hen sewage is treated with a plentiful supply of nitre, and kept out of contact 
with fresh air, the soluble organic fermentable matters in it are completely 
destroyed by the influence of micro-organisms, without undergoing any inter- 
mediate stage of putrefaction, and that u liquid is finally obtained deeply coloured 
with a brown colouring matter, having .similar properties to the colouring matters 
in natural peaty “waters. The author also showed that the liquid, after tlie micro- 
organisms have ditni down, probably contains no organic matter save the colouring 
matter referred to. 


11. On a new Method of Disposal of Sewage^ with some references to 
Schemes now in use. By C. G. MoOR, B.A. 

This paper is divided into three headings. 

The nrst gives the titles and objects of a few of the beat known schemes, 
with some very short remarks as to how far their aims are accomplished. 

The second part deals with the method of utilisation of sludge, which the 
author has experimented on. Jle mentioned the important fact that the yield of 
ammonia amply pays the cost of this part of the proce.ss. 

> Joum. Chem. Soc 27, 851 and 31, 654. 

• BsHchte, 12, 162. 
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The third part contains suggestions as to the lines on which one must work to 
obtain knowledge as to the best means of precipitation, with a view to subsequent , 
utilisation. 


12. The Reaction of Glycerides with Alcoholic Potash, 
By A. H. ALLEN,'J?^.a./Sf. 


13. Note on the Electrolysis of Alloys. By Henry 0. Jenkins, 
Assoc.M.Inst.G .E F.G.S. 

The importance of the question as to whether alloys are capable of being 
electrolysed has for a long time been recognised, and has already been under the 
notice of a Committee of this Association. Several experimenters have 
endeavoured to separate the constituents of some alloys by this means, but 
, hitherto no success in tliis direction has been recorded. 

Doubtless one reason of this negative result may be found in the difficulty of 
submitting a metallic bath to a sulhciently large diiference of potential, owing to 
its very low resistance ; but from the same cause there is another reason why 
electrolysis should not take place, at least in the case of the majority of alloys, a 
reason to which prominence does not hitherto seem to have been given. 

The variable polarisation, and the resistance of electrolytic baths generally, have 
led to the adoption of the view that in an electrolytic bath the electricity is con- 
veyed by some method of convection or of successive molecular discharge, 
streams or chains of molecules carrying electrical charges from one electrode to 
the other. The bath itself is formed of some body whose resistance when pure 
is extremely high, so that it is usually necessary to add another body to it, an 
impurity, which probably acts by increasing the number of free molecules present. 
It is easy to imagine that in such an insulating medium molecules can be charged 
with electricity, which charge they can retain until they reach some body having 
a different potmitial to their own. But free molecules could not retain any 
charge if entirely within a conducting envelope, and in contact with it; and 
although the possiliility of the possession of a gaseous envelope hy the molecules 
forming a liquid has been recognised, still the conductivity of pure molten metals 
is scarcely in favour of any view that there is insulation between tlieir molecules. 
If there were any considerable insulntiou it is difficult to account for the effects 
upon electrolytes of very small electro-motive forces, and it will be thus seen 
from these considerations that the want of success in the attempts to electrolyse 
alloys still leaves quite open the question of their constitution, whilst it is in full 
accordance with the conditions of Klectrical Potential expressed by Laplace’s 
equation. 

From the fact that alloys in many cases form true compounds, which may be 
obtained in a crystalline form if proj3er conditions are chosen, and because the 
conditions as to temperature of an electrolytic bath may be those most favourable 
for the precipitation of such a compound out of solution, it follows that all 
future electrolytic experiments with allojs should be made at temperatures 
sufficiently high to fuse any possible compounds, otherwise very deceptive results 
would be obtained, owing to the difficulty of correctly sampling the bath. 
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Section C.— GEOLOGY. 

Pbesident of the Section — Professor T. Pupert Jones, F.R.S., F.G.S. 


THUnSDA i; A UGUST 20. 

The President delivered the following Address ; — 

CONTEN'rs. 

1. Introduction. 2. (.'oal-field of youth Wales, as .studied hy Logan, I)e la Beche, 
and others Origin of Coal. 4 Area of the C(»al-gHAv(h. 5. CoaLliold of 
South Wales: it.s extent, thicknes.s, and constituent .strata. (I, Output of Coal in 
South Wales. 7. Varieties of Coal. H. Constituenth of Coal-measure.s and of 
Coal. V. Fossils of the Coal-mcasurt‘S of South Wales ]0. Extent of the Coal- 
measures under the S(»uth of England. 11. Conclusion. 

1. Intvodiiciion . — The hlack i^tones^ that hum prohahly came to be known by pre- 
historic people through accident, here and there, long- before any notion of their 
worth to the community at large was entertained. Wood at first, and then char- 
coal, supplied fuel far into hi.storic time.s, on every hand, e xcept jKu-liaps in Cliina, 
In the first century of the ('hristian ora the Romans, occupying laigland, met with 
coal, and probably learnt its u.-^e from the native.s. It .seems, however, to have 
been disregarded during the Saxon conrpie.'^t and domination of thi.s i.sland ; but by 
the beginning of the twelfth ceiiturj' the use of coal wa.s well in hand again, as 
shown hy old charters relating to plnc(‘.s in Scotland and the county of Durham. 

The history of the use of coal is treated of in tlu' following hooks ; — ‘ The Coal- 
fields of Great Jlritain : their 1 1 i.story, Structure, and Ke.soiir(*e.s, with notices of 
the Coal-fields of other parts of the Wtudd.’ By Edward Hull, M.A., &c., with 
ma{)S and illustrations. Svo. London. First edition, 1861 ; second, J86l; third, 
1876; fourth, 1881. ‘Coal: its History and Cses.’ By Professors Croon, iMiall, 
Thorpe, Rucker, and Marshall. IM i ted by Profe.s.sor Thorpe. 8vo. London, 1878. 
Also in the unpretentious pamphlet, ‘ The History of Coni.’ By the Rev. 'Jhomas 
Wiltshire, M. A., 4&:c. 8vo. London, 1878. Of course the nuxst comprehensive 
work on the Briti.di Coal-measures is the * Report of the Commissioners appointed 
to Inquire into the several matters relating to Coal in the IJniU*d Kingdom,’ 
3 vols., with maps and sections. Fol. London, 1871. Other valuable works 
are : W. W. Smyth’.s ‘ Coal and Coal-mininpr,’ 8vo. 1 867, and later edition.s ; and 
Richard, Meade’s ‘Coal and Iron Industries of the United Kingdom,’ &c. 8vo. 
London, 1882. ‘ Coal : its Geological and ( teogrnp Ideal Position,’ by Professor John 
Morris, 8vo., London, 1862, although only a ]>amphlet, is valuable for its 
information. 

The subject of Coal and the Coal-measures is abundantly treated of in the 
scientific literature of this cimtury in nearly all ])art8 of the world, and it would 
be useless to endeavour to do justiee to its bibliography. Besides having had the 
advantage of the labours of the many eminent foreign geologists who have advanced 
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our knowledge of the subject in one or other of its various aspects, both by original 
research ^ and by condensing published results in treatises and manuals for students,® 
we have had some of the most enthusiastic students of the natural history of the 
Carboniferous strata and fossils in our own country and within our own times. 
Their names must frequently occur in speaking of coal and its belongings. 

The text-books and manuals of geology by De la Beche, Phillips, Trimmer, 
Lyell, Ansted, Jukes, Qeikie, Prostwich, (ireeii, Etheridge, and others, are safe 
guides; the Memoirs of the Geological Surveys of England and Wales, Scot- 
land, Ireland, and India are mines of scientific w’ealth as regards tlie same matter ; 
our palmobotanists Lindley, Hutton, Artis, Witham, Morris, Hooker, Binney, 
Buubury, Dawes, Williamson, Oarruthers, Balfour, Kidston, (fee., have given us good 
results; and others, not specialists, have written good matter for our consideration. 
Abroad, among our American friends, we have, or have had, several of the State 
geologists (Emmons, Lesquereux, Itogers, Lesley, Newberry, Dana), wlio have 
studied the Coal-measures with care, besides Steinhaiier, Brown, and others ; but 
no one has so caruerttly and .successfully given liis serious attention to this branch 
of geology and paheontology as Sir J. W. Dawson, of Montreal, not long since 
President of the British Association when we met at Birmingham in 1880. His 
numerous memoirs and his elaborate w'ork on ^ Acadian Geology ’ supply abun- 
dant facts and sound theories in elucidation of tlie history of the Coal Period. 
Sir AV. E. Logan, who ind(‘ed liy his studies in Soutli AVales was the first to give 
geologists a clue to the interpretation of much that was very obscure about coal, 
worked Avitli Sir J. W. Dawson in the Nova-.Scotiaii coal-field; and so also did 
Sir Charles Lyell, wdio there and elsewhere devoted much energy and acumen to 
the elucidation of the origin and formation of coal. 

The indexes of successive \oIumes of the Gleological liecord ’ show how abun- 
dant have bec*n paptu's and books on Coal, CV»al-niines, C'oal-iields, Carboniferous 
fossils, and coi’rclati\e. studies, within the last few years, abroad and at home. The 
subject is so evtensi>e that we must coniine ourselves to the coal of South Wales. 

2. 'the Co(il-Jlel<l of Soiif/i JValeSf as studied hij Logan, De la Beche, and 
— Had it been that the stone axe found in MoniiKnithshire by Edward 
Ll()y<L’’ wore really associated with the outcrop of the coal there, and if truly be- 
longing to the ^(one-age and used in hewing tin* coal, ns Professor IIiiHs mention 
of it seeias to imply,' it would, indeed, have beiui one among the few known 
evMences of prehistoric coal-mining, and Avould tend to show that South AVales 
was ainoiig the places first made to yield tlii.s useful luiiu'ral. 

At the present day South AVales and Monmouthshire yield coal in greater 
quantity and of more value (by over a million pounds sterling a year) than the 
coal-tields of Northumberlaml and Durham, or of Yorkshire and Derby .shire ; and 
considerably more (by nearly o,00(),000/.) than that of the Clyde Jlasiii and asso- 
ciated coal-tields of Scotland. Indeed, the annual value of the coal produced in 
South Wales A\ it h Monmouthshire may be said to be about eleven millions out 
ot the wliole forty-live millions sterling estimated as the value of the coal at the 
pit’s mouth throiig-hout the United Kingdom. 

The great coal-tield of South Wales has the especial credit of having sujiplied 
some of the earliest and most impoi'tant facts and phenomena illustrative of the 
geological succession of (In* mat(‘i'ials of the Coal-measures, and of the natural 
history of the coal itself. To the persevering eiu*rgy and accurate observation of 
Sir AVilliam E. Logan and Sir Henry T. De la Jlecho South AV'ales pave up the 
secrets of coal-growth, strengthening some earlier suppositions, correcting others, 

* Especially Stornla'rg, Brongniart, Goeppert, I’etzholdt, Geinitz, Unger, Scliimper, 
AV'eiss, li(*naiilt, and (JraiurEury. 

'■* Omalius d’Unlh>y, Leonhard and Uocrne>, Vogt, C. D'Orbigny and Gente, 
Beudant, Crednor, laipparent, Coiitjcan, and others. 

* ‘ 111 a steep rock called C'raig y park, and othens in the parish of Istrayd 
Dyvodog, we observed divers veins of coal, exposed to sight as naked ns the rock; 
and found a Hint axo, somewhat like those used by the Americans’ (Phil. 
Tf'ans., vol. xxviii , 17H, p. 501 ; in a letter dated September 22, 1()97). 

* Die Coaljields, &c., 4th edit., p, 12. 
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and establishing a firm basis for the theory that the coal has, for by far the most 
part, been formed of plants growing where the coal now lies, although some local 
Tarieties have arisen from the occasional driftage of floating timber and herbage, 
and of long-continued maceration of vegetable nuitter in lakes and pools elsewhere. 

Mr. (afterwards .Sir) W. K. Logan, having for several years worked on the 
geology of South Wales, in 1837 gave his maps and information to the enthusiastic 
promoter of the Geological Survey of the Jh-itisli Islands, ISIr. (afterwards Sir) 
H. T. I)e la Bi'che, for public use in the construction of the Siirvev Map and in 
developing the structure of tlie country. The first volume of the ‘ Memoirs of the 
Geological Survey,’ 1840, contains, at p. 14f), Sir 11. T. Do la Beche’s acknowledg- 
ment of Sir (then Mr.) W. E, Logan’s gift of the valuable results of his investiga- 
tions in the (k)al-mea8ures and discovery of the nature and meaning of the frequent 
imderclays, an aecoiintof which Mr. Logan had already published in the * Annual 
Report of the Royal Institution of South Wales ’ for 183J)', in the ‘ Proceedings 
of the Geological Society of London,’ vol. iii., February 1840, p. U7G, and March 
1842, p. 707, Ac ; and ‘ Tiansactions of tlie Geological Society,’ second series, 
vol. vi., 1842, p. 401, Ac. 

The hypotheses of tlie formation of coal offered hy earlier writers are carefully 
reviewed in De la Beehe’s elaborate memoir; and the growth of opinion as to 
coal having been made by plants growing in place is traced from De Luc (1793), 
Lindley and Hutton (1833 and 183r>), Adoljihe Brongniart (1838), to W, hb liOgan, 
by whom, indeed, it was fully efitablished before 1837. Opinions as to the naturo 
of the Stiffmnria so abumlant in the ‘ underclays,’ are also referred to ; 

and that it is really tlie root of is accepted on the good authority of 

Brongniart and llinney (p. loO). Dr. Buckland’s summary (in his Anniversary 
Addresses to the Geob^gical S< ciety, 1840 and 1841) • of what had been advanced 
by Briti^-h geologists in the elucidation of the (’oaLnuasures and their natural 
hifitory comprised mainly the oh<-ervatioiis made hv Ansted, I lawkshaw. Barber, 
Beaumont, J. E. Bowman, and particularly W. E. Jjogau. He stated in 
bis Address of 1840 that ‘ Mime of the vegetables wbicli formed our beds of 
coal grew on the identical banks of sand and silt and mud whicb, being now 
indurated to stone and shale, form the strata that accompany the coal ; whilst 
other portions of these plants have lieen drifted to various <ii9tfincea from the 
swamps, savannahs, and lorests that g-ave them birth, particulaily those that are 
dispersed through the sand>tones, or mixed with fishes in the sliale beds.’ 

Dr. Biickland’a summary in 1841 is giv<*n by Do la Beche ' ‘ as expressing his 
opinion that the Stirpna ria ftctmles rAvhieli was at that lime still regarded by many as 
an individual floating^jilant], growing in ponds or lagoons in the localities where w'e 
now discover its remains, by mixture with mud or silts disseminated among them,, 
formed the imderbed«, upon whieh also grew the plants w hicli now form the coal- 
beds, these latter, by subsidence, being covered by sand or mud, forming sand- 
stone or shale, between tlie coal strata, successive coal-lieds being formed as the 
necessary conditions arose.’ .Sir (then Mr.) ( ’. Lyell’s important additions to the 
subject, then lat^dy given in hi.s ‘ Travels in Xortli America,’ 2 vols., J845, quoted 
and applied by De la Beche, w’cre sub'^cquently eidarged in his ‘.Second Visit,’ Ac., 
2 vols., 1849, and in his ‘ Elements of Geology,’ edition of 185), and subsequently. 

De la Beebe’s Memoir, after having presented some explanations of geological 
phenomena, and treated of the general range and mTurrence of the .Silurian and 
Devonian rocks in the southern moiety of Wales and tlu‘ South-western Counties 
of England, proceeds to desc'ribe the Carboniferous strata, and at p. 143 takes up. 
the Coal-measures; and hi.s work remains n classic authoiity on the subject. De 
la Beche’s account of tiiese strata has not been much modified, e.xcept by the 
descriptions of many additional fossils, and details about tlie special characters of 
those then known. 

Other information, how'ever, on the past and present conditions of the South- 
Welsh Coal-field is found in Mr. (now Sir) A. 0. Ramsay’s paper ‘On the Denu- 
dation of South Wales and the adjacent English Counties,’ in tiie earno volume of 

‘ Vrncvcil. Gcol. SoG , vol. iii., pp. 220 and 487. 

* Mem. Gcal. Sure., vol i., 1846, p. 1D2. 
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the ‘ Memoirs of the Geological Survey ^ ; and very much has been added by Icx^l 
observers, as shown by numerous papers on this coal-field and its constituents in 
the Reports, Proceedings, and Transactions of tlie Scientific Societies of South 
Wales. 

3. Origin of Coal. — Coal is now generally accepted as being a compressed and 
chemically altered mass of ancient vegetables. The tissue of some of the trees 
and other plants may be detected in the substance more or less distinctly by frac- 
ture, by burning, and in thin sections. In some cases trees occur rooted in the 
attitude of growth, their stems rising upwards and their roots remaining in or 
below the coal. The accumulation of coal as seams of varying thicknesses, in very 
numerous parallel beds, can be explained by the gradual and long-continued sub- 
sidence of long and wide tracts of old marginal sea-beds, estuaries, and lagoons, 
with adjoining lands, ^ all more or less invested with vegetation. At the same time 
limitei, isolated, and lenticular patches and nests of pure coal, usually in sand- 
stone, have been probably due to floating masses of vegetation, matted plants and 
tree/J, becoming waterlogged and sinking in estuaries and shallow seas. 

Some highly bituminous coal, like cannel and torbanite, may have been due to 
limited accuiiuilations of macerated plants rotting in water ; or to the bursting of 
those natural r(‘yer\oira, like peat-bogs, and a local arrangement of the resulting 
flow of Carbonaceous mud. 

Mr. W. Galloway, in his memoir 'On the Mode of Occurrence of Ooal,’^ care- 
fully places before his readers tlie two sets of opinions about the origin and 
formation of coal. Pirst, as to the place of growth and of carbonisation being on 
the same ground, following De la Reche s statements and conclusions ; and, 
secondly, as to the accumulation of vegetable matter, some dead and broken, some 
already decomposed, derived from the forests and herbage of marshy lands, and 
deposited in great lakes (as expressed by C. Grand’Eury in the ' Aniiales des 
Mines,' 1882), with the Stigmaricp, living and dying as water-plants (as they were 
at first regarded, and thought to have been formed of a central body and long- 
spreading arms and leaves) ; while tall trees grew here and there on the water- 
side, until, falling down, they lay prostrate in the black mud ; or, breaking off, 
left their rotting stumps still standing upright. 

Mr. Galloway accepts the latter opinion to some extent, because be finds the 
roots in underclays to have no diiect communication with the coals above 
them, — on account of the presence of persistent shaly layers, or 'partings,' 
traversing coal-beds, and very intimately passing into the coaly matter itself, — on 
account of a seam being cannel-coal, blackband-ironstone, and shale in different 
parts of its extent, with a coal lying on it without an intervening underclay ; and 
if this shows that a coal can have been formed without an underclay, he argues 
that any underclay need not have been necessarily the soil of a coal-seam. He 
acknowledges the subject lo be one of difficulty j and it seems to me that some at 
least, if not all, of the difficulties have been already removed by De la Beclie, 
I^iesley, Lyell, Da^^8on, and other observers. 

4. Aica (f the Coal-growth. — For knowledge of what ruled the local occuiv 
rence of coal, we owe a great debt to ISIr, R. A. G. Godwin-Aiisten, who had 
studied the geology of tlie South-western Counties with De la Beche. To him 
we are indebted for the approximate demarcation of the bounds and margins of' 
the Carboniferous Formations, particularly for the probable land-limits and 
outward extension of the Coal-measures. In his valuable memoir ‘ On the 
possible Extension of the Coal-measures,’ * he explained the reasons for his indicat- 
ing on the map then communicated to the Geological Society the physical con- 
figuration of Nortb-western Europe at the close of the Palmozoic Period, and the 
outline of the surfaces which supported the coal-vegetation. He concluded to 

* The Coalfields of Great Britam., 4th edit., p. 81, &c. 

* Iteport and Tramaotions of the Cardiff Naturalists'^ Society (for 1886), 

1886, pp. 20^34. 

* (^art. Joum. Geol. Soe., vol. xii., 1866, pp. 38-73; also JReport Coal Commission^ 
1871, pp. 424 and 611, with plates; and Bop. Brit. Assoe. for 1879, p. 227, plate 
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define the place and range of this old coal-growth of what is now Western 
Europe as — 

‘An internal sea, around and occasionally over large parts of which the 
peculiar vegetation of the time was developed and entombed as the area rose and 
sank. A region with a central depressed area, such as Australia is supposed to 
present, and going down, by means of a long series of oscillations, would ultimately 
present just such an assemblage of deposits as our own Orboniferous group ' (p. 73). 

A further reference to this kind of level or hollow region is as follows : — 

* The large level tracts which lie west of the Blue Mountains in Australio, into 
which the Lachlan, the Darling, the Murrumbidgee, and the Darling discharge.’ 
(Godwin- Austell’s Lecture, Royal Institution of Gn^at Britain, April 10, 1868.) 

Such an area had also been indicated in iSir 11. De la Beebe’s note to p. 206 of 
his memoir above mentioned, where he refers to ‘ the great area extending from 
the country drained by the Volga, eastward through eighty degrees of longitude 
into China, and from which the waters find no course outwards to the main ocean 
or to the seas connected with it.’ With a gradual depression — with the detritus 
swept in by the rivers — and with a suitable flora and climate, there might here be 
both exteu'^ive accuraiilations of vegetable matter grown in place, as well as 
limited deposits of drifted plants, under different conditions. Do la Beche, more- 
over, referred (p. 146) to the long flat coast of the eastern seaboard of South 
America, with its great rivers and abundant flora, as being analogous to some 
parts, at least, of the areas on wliich tin' coal-seams were formed. 

The area of coal-growth in this North-west Kuropean region is re])resented on 
Mr. R. A. ('. Godwin-Austen’s map ^ as a littoral belt (\aryiiig in width as now 
exposed at the surface), reaching, in au approximately semieirculiir or hay like 
shape, from tlie Elbe near Magdeburg, and north of the Hart/., w'estward to the 
valley of tln^ Ruhr, inclu<ling a southern extension to ^larbiirg; and, taken up 
again, it passes from the Ruhr to Aix-la-Chap(*lle, and to Namur and Charleroi ; 
then by tile Fraiico-Belgian coal-field to (.’alai‘<, and beneath the valley of the 
Thames to Bristol, Forest of Dean, and South Wales, south of the Old Red area, 
tow'aids Ireland. On the eastern side of Hereford, and along the east border of 
the old rocks of Wale-, tln‘ iaiig(‘ of the coal-growth is sliown by the coals 
appearing here and there along the Severn and the Dee ; and doubtless it widened 
out considerably eastw^ard across what is now' England, (,’ontinuing northw'ard it 
occupied Northumbria, and stretched we.stw^ard locally between the old (himhiian 
land and the South Highlands; parsing around tlie cnist end of tht‘ latter, it was 
strong across w'h at is now (Jentral .Scotland, with indications in North Ireland. 
Thus the coal-growth invested the southern and wa*.-. tern edges of Godw in-.\ listen’s 
‘internal sea ’ above mentioned, and extended westward by two outlets: one at 
its south-west corner, by tSouth Wale'< ; and the other on the north-Avest, by 
Central .Scotland, each into tin* Irish ar«*n, and thus roughly surrounding the 
several older Palaeozoic lands of Wales, Ireland, Cumbria, and South Scotland. 

Jn Professor Ramsay’s account of tia* denuded remnants of tlie Welsh coal- 
fields ^ tlie stretcli of coal-growth along the border of the ohl Cambrian land is 
clearly indicated in his statement, that 

‘ One denuded edge of these accumulations now forms part, of the counties of 
Pembroke, (’aermartlieii, Glamorgan, and Monmouth, and is elsewhere exliibitod 
in tlie Forest of Dean, the narrow strips of < ’oal-measures nortli of May Hill in 
Gloucestershire, tin; dec Hills (outliers of the Forest of Wj re and Coalhrookdale), 
the coal-fields south and west of Shrewsbury, and tliat of Oswestry, Wrexham, 
and Mold, All these are but fragments of one great original coal-field, once 
mantling round North Wales and tlie older rocks west of the Severn and north of 
Bristol Channel.’ 

Both north and south, however, of the old Cumbrian area are a few seemingly 
isolated patches of coal ; but the Whitehaven field is really the western portion 
of the North-of-England coal-growtli ; the coal of Angle.sea belongs to the west- 
ward extension of the l^ncashire field ; and that of Ingleton is a remnant of the 
northern part of the latter towards the margin of the old Cumbrian land. 

* PI. I., Q.J.G,8., vol. xii., 186G. * Mem. Ocol. Surw, vol. i., 1846, p- 314. 
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5. Coal-field of South Wales: its extenttthickneaSf and constituent strata . — The 
valuable coal-field of South Wales (estimated by some to occupy 640,000 acres, 
and stated by others to be 906 square miles in extent) forms an irregular oval 
basin ox trough lying E. and W. (about fifty-six miles long, from Pontypool to 
Oaermarthen Bay), with a narrow extension westward beyond Caermarthen Bay, 
through Pembrokeshire, to St. Bride’s Bay (about seventeen miles long). The 
greatest width is about sixteen miles. In 1881 there were 662 collieries at work 
(see Hull, 1881). The strata of the whole area have been much undulated and 
broken ; on the south they dip at an angle of 45°, and at about 12° on the north. 
Great faults, approximately north and south, alter the levels from forty to a 
hundred fathoms; they are generally filled with clay; but one, near Swansea, 
many fathoms wide, is filled with fragments of the broken strata. (Trimmer.) 

A strong anticline once passed lalong the middle of the trough (E. and W.), 
with its complemental syncUneSy one on each side. These have been somewhat 
shifted (the eastern moiety towards the S.W., and the other to the N.E.) by a 
great oblique coincidtuit with the valley of the Neath. Except at Swansea 
and Caermarthen Bays, the outcrops of the lowest part of the series of strata, of 
irregular width, are continuous around the coal-field. About seven unequal 
patches of the upper measures have been preserved from denudation in the 
syncline,^. Two of these areas are in the eastern moiety; both long, but the 
southern syncline retains only a narrow and interrupted series of patches.^ The 
Ebbw, the Sirhowy, th(‘ lUiymiiey, and tlie upper part of the Afon cross the 
former; the Tatf and tlie Rhondda, with their branches, cross both synclines; 
and tlie hdy and Ogwr cross the lower syncline. The respective valleys give 
local op})ort unities for opening certain beds, and afford facilities for roads and 
railways from the hills to the sea-coast. In the western moiety there are five 
circumHcribed areas of the upper measures in the two synclines; the united 
Amman and Lhvchwr Rivm’ runs between four of them, and the Tawe between 
two and across one (just north of 8wansea). The favourable position for mining 
some of the measures is due to the local angle of dip in the synclinal strata ; 
and, indeed, without tlio anticlinal arrangement some of the coals could never 
have b(‘(’n rt‘ach<‘d even by di'ej) mines. 

Mr. hltlic'ridgo (in his new edition of Phillips’s ^ Manual of Geology,’ 1885, p. 
2.S8) mentions that in the southern part of the western moiety the Coal-measures 
have a thieknessof 11,000 feet : andtiiat on the northern side of the anticlinal axis 
th*‘re tlu'v are 7,000 feet thick, and that near Britton Ferry, in the middle, they 
diminish to 4,M)0 feet on that side. 

’faking the Avliole basin or trough, it may be roundly said that in tbo north- 
east side the coals arc mainly eokmy ov parily hituminom; to the west and north- 
west they are anthracitic ; and in the south hituininous or yaseous ; and more 
especially that Mii the Aberdnre area the coals are very free-burning, hut at the 
same time smokeless; lienee their importance for steam purposes, especially the 
Aberdaro four-foot steam-coal.’^ 

Tlie physical featuro.s and structural condition of the South- Welsh coal-field, 
also the occurrence of fossils, were succinctly treated of by G. P. Bevan in the 
' Geologist,’ vol. iii., 1860, pp. 00-09. 

'I’ho order and thickness of the strata belonging to the coal-field of South 
Wales as given in Goikie’s ^Textbook of Geology,’ 2iid edit., 1885, p. 742, are (for 
Glamorganshire) : — 

Feet. 

Upjier scries : sandstones, shales, &c., with 26 

coal-scaiu.*', more than .... 3,400 

Pennant grit : hard, thick-bcdded sandstones, 

and 15 coal-seams ..... 3,246 

Lower series : shales, ironstones, and 34 coal- 

seams . 460 to 860 

MilLslone-grit. 


‘ See Hull’s The Coaljiddsy &:c., 4th edit., pp. 88, &c., and map. 
» Ibid., Chap. I. > Etheridge, 1886, p. 238. 
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The Coal-meaeures are thus estimated at 7,496 feet, or nearly mile in 
thickness, besides the Millstone-grit and the Carboniferous or Mountain Lime** 
stone occupying a still lower position. 

Differences of observation or of opinion from time to time have caused different 
estimates. In 1855 Professor J. Phillips, who took a very strong interest in the 
geology of the coal-fields, published the following measurements (in his ‘ Manual 
of Geology,^ 1856, p. 201) as representing only a general view, and he indicated 
that nearly 12,000 feet thickness may occur near Llanelly : — 


Feet. 

Llanelly series, with several beds of coal . 1,000 

Penllergare series of shales, sandstones, and 

beds of coal — 110 beds ; 26 beds of coal . 3,000 

Central series (Townhill sandstones of Swansea 
= Pennant-grit of the Bristol coalfield) — 

62 beds ; 16 beds of coal .... 3,216 

Lower shales, coals, and ironstones (Mertliyr) 

— 266 beds ; 34 beds of coiil . . . 812 


8,058 

Farewell Rock and Gower Shales, above the 
Carboniferous Limestone. 

Professor Hull ' gives about 1,200 to the Coal-measures, with twenty-five seams 
of coal of two feet thickness and upwards ; making a total of eighty-four feet of 
workable coal. In 1881 Professor Hull calculated that there remained about 
32,106 millions of tons of available coal, which might possibly last for more than 
1,000 years at the present rate of consumption. 

Mr. E. Rogers, in the ‘ Memoirs of the Geol. Survey : Iron-ore.s,’ Part III., 
1801, p. 169, divides the Coal-measures of South Wales into an Upper and a 
Lower series, with the hard siliceous sand>tone (locally a conglomerate), know'ii 
as 'Cockshute’ and ^ White Rocks ’ between them. The upper measure.s, he says, 
are mostly micaceous sandstones, locally know n as ‘ Pennant Rocks.’ The lower 
series is .«ometimes termed the ‘ iron-bearing measures,’ as it contains the bulk of 
the ironstone as well as coal, wdiicb is bituminous on the ea.st and gradually less 
and less bituminous w’estw’ard, until after pas.sing the great dyke or fault m the 
Vale of Neath it becomes anthracite. The upper series contains few iron-ores, and 
the coal is bituminous, even when anthracite exists below it, as in the Swansea 
district and elsewhere. 

In his communication to the British Aasociatioii in 1837,'“* Sir W. E. Logan 
stated that ‘ the non-biturainous coal, or stone-coal, is found on the north side and 
at the west end ; the bituminous coal on the south side and east emd ; and that 
there is an intermediate region occupied by an intermediate quality.’ These 
conditions of the coal-seams indicated to I^gan ^ the possibility of a rule in the 
change of quality — namely, that it occurs in parallel plane.s, cutting the seams of 
coal without regard to their strike or inclination, and dipping to the soutli or east 
of south.’ 

These coals begin to become anthracitic at Rhymney ; and the change becomes 
CTadually more and more marked as we pass by Dowlais, Oyfartlia, Ilirwain, 
Onlwyn, and Neath Valley, to the Swansea Valh‘y/'’ according to analyses given 
by Mr. David Mushet in the Appendix to his * Papers on Iron and Steel,’ 8vo., 
London, 1840. At page 08 of this book Mr. Mushet notes that ‘ in South Wales 
as the coals approach the anthracite district they are found to contain 90 per cent, 
(of carbon), with no more flame than is necessary to convert the coal into 
coke.’ 

Mr. Etheridge (1885) accepts (p. 238) Professor Phillips’s foregoing table ; but 
he also arranges the coal-bearing portions as divisible into — 1. Upper Pennant 

‘ The CoalfieXdt, kc., 1881, p. 108. 

’ Report^ 1 838, Trans. Sect., p. 86. 

* Bevan, Oeologuty vol. ii., 1869, pp. 78, 79. 
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series j 2. Lower Pennant series ; 3. White-ash series ; and gives the following 
plan in addition: — 


1. Upper or Penllergare series, more than 3,400 feet. 

2. Pennant-grit (Swansea), 3,246 feet. 

3. Lower Coal-measures, 460 to 850 feet. 

At p. 219 he reviews the whole of the series as — 


Feet. 

Coal-measures. ...... 11,000 

Millstcne-grit (‘ Farewell Rock *) . . . 300 

Yoredale Rocks? (‘ Gower Shale ’) . . . 1,600? 

Scar liimestone 1,900 

Lower Limestone Shales .... 400 


16,200 

making the Coal-measures more than 1} mile thick, and the whole series more 
than miles. 

Looking at these Coal-measures alone, and considering that slow depression 
accompanied their formation, the mind is strained in estimating the time required 
for the gradual subsidence to 10,000 feet, with shallow water always in place, 
and jungle growing steadily after jungle, inundation following inundation at 
intervals,— and is somewhat confused in reasoning on the possible causes and the 
exact processes by which not only the sinking of this region of the earth’s crust 
was brouglit about, but how, in turn, the 10,000 feet of new accumulations and 
deposits were raised into the great undulations, which Professor Ramsay has 
described and depicted in liis Memoir before mentioned, and how and when they 
were slowly worn down day by day into the present beautifully varied surface of 
South ^^’'ales and adjacent country. 

I may here remark that tlie analogous co^l-field of Nova Scotia, investigated 
by Sir \V. E. Logan, Sir J. W. Dawson, and others, lias a thickness of 14,670 
feet, including seventy-six seams of coal and ninety distinct Stigmarian uuderclays. 

Mr. W. Galloway communicated, in 1886, to the Cardiff Naturalists’ 
Society ’ some valuable observations on both the vertical and the horizontal 
occurrence of different coals in South Wales ; and showed by a map (pi. iii.) 
where t be ^ steam-coal ’mainly exists in the large eastern third; the ‘ intermediate 
coal ’ in the narrow third; and * anthracite’ in the iccsfcr?? third of the 

Glamorgan- ]Monmoiithsh ire area. He refers to the gradual transition from 
bituminous to anthracitic coal along a hypothetical plane passing through the 
coal-field, with its major axis lying E.N.E.-W.S.W., and its minor axis dipping 
at a very low angle towards S.S.E. He accepts Professor Geikie’s tabular scheme 
of the strata at p. 24. Mr. W, Galloway has favoured me with tlie following 
remarks on the place of the several kinds of coal in the series: — ‘The 

long-Jiamiruj bituminous seams are about 700 yards higher in the ground than the 
semi-hiturainous seams ; the semi-bituminous, or good stea7n-coal seams are 200 
or 300 yards above the dry 8feam~coal seams ; the last are perhaps 800 yards 
above tlio bastard a7it/iracite8 : and inferior anih'acites may be 4(X) j'ards or 
more above the perfect anthracites. You have thus somewhere about, say, 1,600 
or 1,600 yards from the long-flaminy coals to the anthracites. It may be a good 
deal more iu some parts of the coal-field ; but, as the deepest shaft is only about 
800 yards, we cannot get a direct measurement.’ 

Of these three sorts of coal — ^the long~/lam%ng dry coals above have some seams 
suitable for gas-making ; the middle are caking coaly good for making coke ; the 
others produce dry steam-coal and anthracites. 

6. Oxiiput of Coal in South Wales. — The following is the official account of the 
quantity of coal raised in South Wales last year as compared with that got ten 
years ago :— 

* Tram.t vol. xvii., 1886, pp. 20-84. 
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Table showing the Output of Coal in the South Wales District in the years 
1880 amf 1890. 


CJounty 

1880 

1890 

Increase or 
Decrease in the 
ten years 

Breconshire 
Caermarthenshire 
Glamorganshire 
Monmouthshire 
Pembrokeshire . 

Tons 

100,616 

626,9.33 

16.320,096 

6,0.39,549 

79,386 

Tons 

269,260 

762,032 

21,426,416 

6,895,410 

71,908 

Tons 

+ 158,644 
+ 136,099 
+ 6,106,319 
+ 1,865,861 
-7,478 

1 Totals : South Wales . j 

21,165,680 

29,416,026 ' 

+ 8,249,446 

Total Output for the United Kingdom. 


— 

1880 

1890 

i Total Increase in 
the ten years 

England, Wales, Scotland, | 
and Ireland . . J 

Tons 

146,969,400 

Tons 

181,614,288 

Tons 

34,614,879 


Dr. E. Hull refers to the increased production in tlio Soutli-Welsli coal-field, 
together with remarks on other fields and the future supply and working of coal, 
in the ‘Transactions of the Edinburgh Geological Society,’ vol. vi., nnrt 2, 1800, 
where also Mr. II. M. Cadell follows with valuable notes on the probable future of 
the coal-trade. 

7. Varieties of Coal . — The coal of the British coal-fields exhibits every variety 
of composition between anthracite^ which is nearly pure carbon, and the so-called 
bituminous coals, such as ordinary coal and cannel coal (h\ drocarbons), rich in 
hydrogen. Anthracitic beds are rarely seen except in districts whore the strata 
have been much disturbed, or peculiarly affected by other circuiuBtances. Jleat, 
whether direct or induced by pressure, vertical or lateral, lias probably been the 
important agent in depriving coal of its hydrogen with some of it.s carbon, and 
thus changing it into anthracite. Neither in this latter nor in tlie compact cannel 
coal are the laminar structure and symmetrical jointing so distinct as in the 
ordinary coals. The last lose their volatile hydrocarbons also by exposure to the 
air, at outcrops and in open faults ; hence they are not nearly so good for burning 
as those got at a greater depth. As it is well to have definite notions as to the 
appearance and structure of the different kinds of coal, some notes on the several 
sorts will now be offered.^ 

Anthracite is glossy or semi-lustrous, soraetiiiies irides(;cnt ; it ignites with 
difficulty, and hums without smoke, and with little flame, on account of no volatile 
hydrocarbons being formed during combustion. This purely carbonaceous material 
differs from ordinary coal by its brilliant, acmi-metallic lustre, its greater density, 
hardness, and brittleness, and by its massive and conclioidal fracture with sharp 
edges. Some of it can bo cut or turned on the lathe into fancy articles. 

Called anthracite (from av6pa^, coal) by Karsten and the older mineralogists, 
it is also known as mineral carbon, blind-coal, stone-coal, culm, glance-coal, and 
non-bituminous coal. It is mentioned by mineralogists and geologists as having 
been found at many places in the Alps, Pyrenees, France, Germany, the United 
States, and the British Isles, under various geological conditions ; but in regular 
and extensive leds it occurs chiefly in Pennsylvania, and largely also in South 
Wales. It is reported to have been found in China and elsewhere. 

* Much information as to the constitution of coal and its varieties is given in 
Roland and Richardson's Chemical Teolmology. 
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In the Franco-Belgian coal-field the coals become more and more anthracitic 
as they pass down to greater depths ; both kinds, therefore, were of the same age 
in formation; in South Wales also, as already stated, the anthracite and the 
other coals are all of one age. The squeezing, faultin( 2 :, and inversions in the 
former field are accompanied by an alteration of the highly bituminous coals into 
dry coals and anthracite. 

An interesting historical sketch of the use of anthracite, and some systematic 
remarks on its distribution in South Wales, were given by J„ P. Bevan, F.G.S., in 
the * Geologist,’ vol. ii., 1850, pp. 76-80. 

The anthracite of Pennsylvania is traceable from the inner folds of the moun- 
tain chain, where the strata have become more and more crystalline, and contain 
graphite as well as this non-bit uminous coal, westward into Ohio, where the same 
beds consist of ordinary cohI. In the eastern part of the Alleghanies the coal has 
only 6 to 14 per cent, of volatile matter, further west 16 to 22 per cent., 80 to 35 
per cent., and in Ohio 40 to 50 per cent. (Prestwich.) This coal-field before com- 
pression was probably 000 miles long by more than 200 broad in some places. 
(LyAl) 

The depression of strata by accumulated sediment above them may raise their 
temperature by the rise of tlio isogeotherms (surfaces of equal subterranean tempera- 
ture), and they may reach a relatively high temperature. ‘ Mere descent to a great 
depth, however, will not necessarily result in any marked lithological change, as 
has been shown in tlio cases of the Nova-Scotian and South- Welsh coal-fields, 
where sandstones, shales, clays, and coal-seams can be proved to have been once 
depressed 14,000 to 17,000 feet below the sea-leved, under an overlying mass of 
rock, and yet to have sustained no more serious alteration than the partial con- 
version of the coal into anthracite. They must have been kept for a long period 
exposed to a temperature of at lea.st 212° Fahr. Such a temperature would have 
been sufiicient to set some degree of internal change in progress liad any appre- 
ciable quantity of water been present, whence the absence of alteratio]i may per- 
haps be explicable on tlio supposition that those roek^^ were comparatively dry.’ 

(loal in contact with granite is changed into anthracite or graphite ; when in 
contact with volcanic and trappean rocks it may become coke (columnar or otlier- 
wise) or mere soot. 

Steam coal is very compact, burns with little smoke, and contains so little 
bituminous matter that it is not liable to spontaneous combustion, whether pyrites 
be present or not. It is an interniediate kind of coal, liaving more hydrocarbon 
than any anthracite lias. 

Ordinary coal, common coal, household coal, 2^it coal, black coal, coal j>roper, 
bituminous stone coal : of this there are several sorts : — 

1. Cakiny coal, cokiny coal, bituminous coal (not really bituminoiivS, but con- 
taining the constituents of bitumen -7 to 9 per cent, of hydrogen, with carbon and 
oxygen, or 4 to (i per cent, of liydrogeii and 6 to 8 per cent, of oxygen). When 
heated, it undergoes a kind of fusion and ‘ cakes’ together, one piece adhering to 
another by the soft bituminous matter into which it is mainly changed. fcSuch 
coals are used for coking, coke being more or less impure carbon left after the 
hydrocarbons have been driven off. 

2. Cherry coal, or soft coal, is thinly laminated, soft, velvety, shor f -fractured, 
^'iahle. 

3. Splint coal (breaking oil' in long * boards,’ and into fragments with angular 
mds called * splints ’—Mushet), bone coal, hard coal, free-burning coal, dry coal 
’passing into shaly, slaty, and stony coal). This is leas bituminous than some of 
die foregoing ; bunis free and open (that is, without swelling and caking), with a 
ong smoky fiame ; with less than 6 to 8 per cent, oxygen and 4 to 6 per cent, 
lydrogen ; it is also called dry cooi. 'fhe hard coal comes out in long blocks ; the 
'.herry coal in short pieces. 

Jfieedy coal has alternate layers of splint coal and bright coal. (Mushet.) 

Cannel coal, or parrot coal, is compact, and varies from lustrous to a dull earthy 
ifipect; breaks irregularly, but with a conchoidal (shell-like) fracture; can be 

* Geikie, Tcxtlooli, Ac., 2iid edit., 1886, p. 273. 
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polished and cut into ornaments in a lathe. Yields mineral oil by distillation. 
Much used in gas-makinj? ; not fit for coking. 

Torbanitey Torbanehill mimraly Boghead cannel-coaly or Boghead coaly is a kind 
of dark brown cannel-coal, good for making gas and oil (paraffin, (fee.), and gives 
a light, spongy coke. It consists of minute light brown granules of hydrocarbon, 
with some earthy matter and portions of the tissues of coal-plants. 


As a scheme for the general classification of the coals the following table may 
be useful : — 


Highly Bitu- 
minous . 


} 


Gas coals 


i 


Torbanite, canncl-coal, 
parrot-coal . 
Tasmanite, Better-bed 
coal, i&:c. 


Vegetable matter 
much altered. 

Spore-coals. 


Common Bitu- 
minous . . 

Semi - bitumi- 
nous . . . 

Antlinicitic 
Anthracite . . 

Coke . . . , 


Household coals 


r Free - burning 


steam coal 


r .{ 

r Nearly smokeless | 
\ steam coal . J 


Smokeless coal 


{i- 


Natural . 
Artificial 


•{ 

;} 


Caking and coking coal, 1 Laminae of charcoal 
cherry coal, splint 1 (mother - coal) 
coal, and other coals . j and hydrocarbon. 

1. Charcoal deposited abundantly at first, 

2. Hydrocarbon partially lost by change. 

Hydrocarbon nearly all lost by change. 

All the hydrocarbon lost by heat under pres- 
sure. 

Hydrocarbon lost by heat without pressure. 


8. Constituents of the Coal-meas^Lres and of Coal, — Sandstone, shale, coal, and 
clay, in successive repetitions, constitute (as we all know) the main materials of the 
* Coal-measures ’ (^ measures ' being an old mining term for strata). Eaeli of these 
substances well deserves the close investigation they have received from numerous 
observers. We need not take the sandstone in hand now ; it will be enough to 
say that the quartz-grains have been derived from tlie quartz of the same granite 
rocks which gave the little mica-fiakes to mix with much of the sandstone, and the 
kaolin to form the basis of the shales and clays in the same great Carboniferous 
formation. 

Shales and Ironstone. — The shales are varied ; some are almost purely argilla- 
ceous; others contain carbonaceous matter in different proportions, even becoming 
quite black and bituminous. The lighter coloured shales often have plant-remains, 
especially ferns, scattered through them, and even whole stems and branches of 
Lepidodendron and Sigillarioy squetized flat, and reaching long distances. The 
darker shales also have plant-remains, but less perfect, and very often shells and 
other fossils, including relics of fish and numbers of small bivalved crustaceans ; 
with regard to the last, the fishes, when alive, fed on the Cypridm and such like, 
and in turn these little Ostracoda ate the dead fishes when they could. 

Here and there are more or less continuous layer.s of ironstoney or more frt'quently 
groups of nodules parallel With the planes of bedding, and containing either parts 
of plants, more rarely small limuloids or other crustaceans, or even spiders, scor- 
pions, in.sects, or relics of fishes and amphibia. In some cases the shales are of 
marine origin, judging from the character of the shells imbedded in them ; hut 
usually the evidence from the fossils is of a negative character. The shells that 
were formerly thought to be muasel-shells, like fresh w'ater Unios, are now known 
to belong to a different family ; and, not being quite the same as any known sea- 
shell, they may have been estuarine. 

The nodular and the flat masses of clay-ironstones in the shales have been due 
to the formation of carbonic acid in the water and mud by the decomposition of 
vegetable matter and the removal of some oxygen from the peroxide of iron pre- 
sent there, and by the carbonic acid thereupon forming carbonate of iron. This 
then segregated around some organic object in the mud, and, mingled with clay, 
gave rise to nodules or larger masses of argillaceous ironstone.* In consolidating, 

' De la Beche, Memoirs Qeol, Survej/y vol. i., pp. 185, 186. 



TBAKSAOnOKS 07 SBOtXON C. 625 

the nodules frequently split internally, and the fissures of retreat, filled with 
calcite, blende, pyrites, or other mineral, constitute septa^ or diyisions, in the 
septarium or septarian nodule. The so-called * beetle-stones ’ are septarian nodules 
broken across, lowing a central and diverging lines. 

The iron-ores of South Wales are fully treated of in the ‘ Memoirs Geol. Surv.,' 
Iron-Ores, Part III., 18G1, by E. liogers, and their fossils by J. W. Salter. From 
official sources we learn that the details of Production of Ironstone, chiefly Argil- 
laceous Carbonate from mines under the Coal-mines Regulation Act, for the year 
1880 were — 


County 

Quantity 

Total 

quantity 

Average 
price per 
ton 

Total value 
of ironstone 
at the mine 

Amount 
of metal 
obtain- 
able 

Breconst.irc ( Eastern i»vrt of 
[ Western part of . 
Caermartlieusbire 

Glamorgan- f Eastern part of . 

shire . ] Westem part of . 

Monmouth.shiro 

Tons 

60 \ 
462 J 

23 , 764 } 

24,276 

Tons 
612 1 
118 

23,764 

17,435 

8. d. 

11 6 

9 0 

9 0 

9 0 

11 6 

£ 

29\ 

208 

63 

10,694 

10,025, 

Tons 

12,648 

41,829 

i __ 

21,009 


In ^Ir. J. P. Lesley’s ^ Manual of Coal,’ *fec., 8vo., Philadelphia, 1866, at pp. 22, 
t&C., the variations in shales, and their passage even into coal, as the proportion of 
carbonaceous (vegetable) mutter increases by local conditions, are carefully 
detailed. 

Coaly Motlier-coaly Coal-hallSy c^*c. — The coal itself, to which the shales (‘batts,' 
^ binds,’ &c., as they are variously termed) usually serve as a roof, or in which 
they form ‘partings,’ or thin intermediate layers, comes next to be considered. 
Some remarks on the diflerent kinds of coal liave already been made. Common 
black coal is easily seen to be composed of thin alternate laminae of dull and bright 
material, and usually the blocks or pieces have flat sides nearly at right angles 
with those delicate layers of deposition. These faces are due to shrinkage-joints ; 
one is termed the * face’ (as it is ]>re8ente<l on the long edge of the seam exposed 
in working), or the ‘ bord,’ and the other or cross joint is tlie ‘end ’; the former 
is also called the ‘cleat,’ and this terra is sometimes applied to both sets of joint- 
divisions. The block of coal usually breaks also along the flat lamina?, exposing 
a somewhat dull, charcoaly surface, more or less interfered with by the next- 
l3"ing bright lamina. Tlie dull parts are real charcoal, or decomposed wood, and 
soil the fingers when touched ; whilst the bright, or hydrocarbon, portion keeps 
clean when dry. On the fire the coal breaks more easily along the laminBB, 
because the bright portion softens and swells up with its bituminous change, and 
the ‘ mineral charcoal,’ or ‘ mother-coal,’ keeps the portions distinct for a time ; so 
also the jointings open tlien, or give w'ay easily to the poker. 

The mineral charcoal may readily be seen to be flat fragments of woody tissue 
in a carbonised state ; it is more or less impregnated with bituminous and mineral 
matter from the associated beds, and retains the mineral matter of the original 
wood. It is due to ‘ the chemical changes experienced by woody matter in decay 
in the presence of air,’ when ‘wood parts with its hydrogen and oxygen and a 
portion of its carbon, in the forms of water and carbonic acid. . . . Under water, 
or imbedded in aqueous deposits, the principal loss consists of carbon and oxygen *, 
and the resulting coaly product contains proportionally more hydrogen than the 
original wood. This is the condition of the compact bituminous coal.’ ^ 

The ‘ mother-coal ’ necessarily indicates a periodical change (may be that of the 
rainy season) in the formation of a coal-seam, for it lay exposed, as decaying wood, 
whilst that which was accumulated just before must have been sufficiently covered 
* Dawson, Quart, Journ. Geol. Soe.j vol. xv., 1859, pp. 627, &c. 
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up by water (a few inches may have been enough) to undt ^o the advanced 
chemical change causing a proportional increase of hydrogen. 1 e dead sticks and 
stems projecting out of and above the water-covered peaty massb low would natu 
rally supply the decaying touchwood and charcoal now l.ving as described above. 

Douotless a progressive change in the elaboration of liydrocarbon soon took 
place to some extent, even as it does in peat ; but probably it was not completed 
in the compact coal until many layers of both vegetable ard earthy matters had 
been accumulated (the former in place, and the latter from inundations), and caused 
some amount of pressure and consequent heat. 

As, under favourable circumstances, the bright coal can be seen to have been 
made up of spores, leaves, branches, and stems of special trees and other plants, 
the place of growth must Imve been a swampy forest or jungle, of enormous 
extent, probably in a warm (perhaps sub-tropical climate, to account for the 
hundreds of square miles of continuous coal-set 

Much has been learnt from the broken and rotting ruins of a forest, standing 
on an area of the coal-growtli, having been here and there sealed up and preserved 
in that original .state, before liydrocarbonisation had proceeded far ; whilst the 
rest of the fallen timber and accumulated relics passed into the state of bright 
coal, and became almost indistinguishable as to its structure except under the 
microscope after special manipulation. The ‘coal-balls’ of Oldham, in Lancashire, 
and the ‘bullions’ at South Owram, in Yorkshire, are calcareo-carhonaceons 
nodules, having been formed by the infiltration of water earr3dng carbonate of 
lime from the shells in an oyerlying shale down into tlie bed of woody fragments 
and other bits of dead plants The carbonate of lime there segregated from tlie 
mass to certain centres, and preserved, in round nodules, the vegetable structures, 
before they were quite decomposed, more or less distinett as they had fallen on the 
forest floor. Hooker, IVinney, Williamson, and others have elucidated much of the 
botany of the coal from this source. 

In the liOwer Oarboniferous series at Pettyciir Bay, Burntisland, in the Firth 
of Forth, are some wdl-preserved relies of tlie materials wliich would otherwise 
have been used to form a coal-seam (referred to by W^illiamson and Binney). In 
this case volcanic material has been ejected into or tbrougli a peaty mass, and, 
having removed by force some of the soft wet material, has been mixed up with it 
and settled down as a hard stratum, with well-preserved fragments of wood and 
other tissues, into which carbonate ofliine was subsequently infiltered. (Ourriithers.) 

A third instance was discovered by Mr. Wunsch, in 18C5, in the Lower (/ar- 
boniferous series on the north-eastern shore of the Isle of Airan, where numeroua 
plant-remains are well preserved in and under volcanic aslies. The strata are 
alternate saudv shales, thin coal-seams, and peperino-like tuff. Numerous truncated 
trees remain upright, rooted in the shale. Sigillaria, LepidodcndrorifLejndophloioSj 
and Ilalonia, besides Sjdienoptfris and other ferns, are present.'^ 

Cannel, SfC . — Under the name of ‘cannel’ are known some important varieties 
of coal, useful for distillation and gas-making; and certainly they differed in their 
method of deposition both from ordinary coal and in some particulars among 
themselves. They all appear to have been formed of vegetable matter that, having 
been soaked and macerated to a black pulp, like the most rotten and semi-fluid 
peat, in lakes, lagoons, or other limited water-areas, became homogeneous masses 
of hydrocarbon, with much still discernible vegetable tissue, and occasionally 
with bones, teeth, and scales of fishes, and the low kind of reptiles called Amphibia, 
Earthy matter was sometimes mixed with the cannel ; and occasionally so much 
accumulated that the black mud graduated into carbonaceous shale. Light sub- 
stances would also have been blown into the water by wind. According to the 
relative abundance of yellow- reddish hydrocarbons and macrospores, or of amor- 
phous black substance (carbon) and microspores, is the difference between black and 
brown cannel. (Carpenter.) 

Elsewhere the condition and place of the cannel are such as to suggest that, 

> A great predominance of ferns and lycopoda indicates moisture, equability of 
temperature, and freedom from frost, rather than intense heat. (Lyell.) 

* Geoh Maj.t 1865, and Tran*. Oeol. Soc.., Glasgow, 1882. 
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like a burst peat-bog of the present day (Buckland), the fluid carhonaceous pulp 
escaped from its birthplace, and found local hollows at lower levels that could 
receive and keep it. It is also suggested that such black, decomposed, fluid refuse 
of a swampy jungle, bordering a lagoon, might drain into the water, and settle as 
carbonaceous mud, or as coal itself, among the water-plants there. (Grand'Eury.) 
If poured in suddenly, it probably overwhelmed and poisoned many fishes. 
* The cannel coals, being wholly subaqueous, have not formed and do not possess 
mineral charcoal.’ (Dawson.) 

Torbanite consists almost entirely of minute sub-globular accretions of hydro- 
carbon (amber-coloured by transmitted light), derived either from chemical change 
of plant-remains, or, more probably, directly from lycopodiaceous spores. 

iSpore-coal. — Very much of the substance of some coal-beds consists of lycopo- 
diaceous spores that have been traced to the great lycopods, Lepidodendron and 
Sigillaria, allied to the club-mosses aud !Selaginellec, and were probably shed 
periodically in enormous quantities. (Prestwich and Morris, Hooker, Binney, 
Williamson, Carruthers, Balfour, Huxley, E. T. Newton, Orton, Dawson, liheinsch, 
Wethered, Bennie, Kidstou, and others.) Mr. E. Wethered has suggested that the 
chief material in common coal was derived from the spores of a water-plant nearly 
allied to Isoetea, and that woody material has supplied but little of the hydro- 
carbon. He objects to the theory of ^ .submerged forests ’ because of the difficulty 
that Professor Dana has described, resulting in the calculation that for a four-foot 
seam of coal there would be required a thickness of 32 feet of accumulated forest 
vegetation and 48 feet for four feet of anthracite.' The macrospores of Isoetes 
lacu^tris have been found in the mud dredged in T.<och Coulter, Stirlingshire, by 
Mr. Thos. Scott.'^ 

^ Dawson is disposed to think that the tuberin of cork, of epidermis in general, 
and of spore-cases in particular, is a substance so rich in carbon that it is very 
near to coal, and so indestructible and impermeable to water that it has contributed 
more largely than anything else to the mineral.’ ® Prestwich refers to these, and 
especially to gums and resins, as main constituents of the coal ; and argues that 
the climate was warm and moist, with a larger percentage of carbonic acid than 
exists at the present day, and a more rapid plant-growth."* 

Messrs. Bennie and Kidston '' have not only carefully given the botanical 
history of Lepidodendron and Sigillaria, and of their fructification, hut have 
described the spores met with in their examination of the Scotch Carboniferous 
strata, and have given their conclusions as to the nature and condition of the 
beds from which the spores were collected. The splint and parrot coals yielded 
most ; the cherry or soft coals are too far bituminised to show them clearly, 
though present. Some fireclays yield them in the upper two or three inches. 
Some thin shales (plant-beds aud fakes) yield spores, and some have plant-remains 
as well. * Carbonised wood was common in all the poor or shale-like coals. . . . 
Some of the thin coals were almost entirely composed of such carbonised vegetable 
matter.’ Fragments of scorpions and eurypterids occur plentifully in some of 
the * old soils ’ (fireclays). The former, being land-animals, and probably adapted 
to a hot (or, at least, warm) climate, are among the most interesting of the coal- 
fossils. 

Drift-coal. — Formerly, more so than now, it was thought by some that the coal 
had been formed by the accumulation of drifted timber and floating masses of 
vegetation in rivers and estuaries. There are several difficulties in the way of 
this hypothesis. There would have been more ash in the coal, because the water 
would shift and deposit sand and clay, together with rafts and grass islands ; and 
the ash of pure coal agrees in relative quantity and composition with the earthy 
matter naturally contained in plants. (Green and others.) How far a calculation 
could he made as to a given quantity of ash in coal, and the amount of mineral 

* Journ. Itoy. Microsc. Soo., ser. 2, vol. v., 1885, pp. 406-4:20. 

^ lieport of the Fishery Boards 1890. 

• Balfour, PalfPontological Botany^ 1872, p. 67. 

♦ Geology^ vol. ii., 1888, pp. 117-120. 

• Proceed. Bmjal Phys. Soc., Edinburgh, vol. ix. 1886, pp. 82-117. 
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er belonging to plants, as a basis for proving the original quantity of woody 

uter concerned in a given quantity of coal, would be difficult to determine, for 
jme of the original mineral constituents have been probably removed by per- 
colating water. 

Professor Lesley ^ has calculated that the Mississippi could not supply by 
driftage from the forests of its valley in 100,000 years wood enough for one of the 
Schuylkill anthracite beds; mineral sediments would also interfere with the 
results. Under favourable conditions, he adds, tropical forests (Central Africa) 
and coast-swamps (Florida, Guiana, India) would supply good and sufficient 
material. So also the swamps of the ^ Sunk Country ’ of Arkansas and Louisiana, 
as well as the ‘ Great Dismal Swamp ’ in Virginia, for one set of conditions 
(Lyell) ; and the mangrove jungles in tlie West Indies and elsewhere for another. 

Fireclay, underclay, underclijf, underhed, seat-earth, seat-stone, hotto7n-stone, 
spavin, clunch, fake, pouncin. This is usually a dense clay,^ but sometimes sandy, 
and even altogether a hard sandstone (*ganister ’). It varies in colour from 
black to white ; and is from six inches to ten feet or more in thickness. A 
characteristic feature is its being penetrated in all directions by the stigmarian 
roots and rootlets of the trees {Siyillaria and I^epidode^idron) that grew on it 
when it was the soil of the coal-forest, having been slowly deposited by the quiet, 
shallow, muddy w’aters that succeeded the deposition of shale or sandstone by 
waters with stronger currents, these last terminating one of the periodical dis- 
turbances to which the many stages of gradual subsidence gave rise. Every coal- 
bed (or coal-seam, according to the application of those words to either a simple 
or compound layer of coal) lies on a more or less distiuguisliahle ‘ underclay ' ; hut 
this is often omitted to be recorded in coal-mimng sections and documents.^ Some- 
times an underclay forms the roof of a coal ; but it is the seat-earth of a coal 
lying on it. 

Denudation. — Among the many examples of denudation in the Coal-measures, 
coal-beds have been washed away from their uuderclays ; hut these latter are so 
greatly toughened by tlieir contained network of roots that they have more 
eirectually resisted denudation. Both coals and underclays, Ijowever, wore not 
unfroquently destroyed, or, at lea«t, deeply and widely channelled by contempo- 
raneous Hoods and rivers ; for not only are the ‘ horses,^ Gows,’ and Gvaslies ' such 
watercourses, but the occurrence of pebbles of coal and small detrital particles 
scattered through some of the sandstones are due to similar denudation.'^ 

fcir J. W. Dawson, in ^Acadian Geology,’ 1808, p. 100, states; — ‘Tlie occa- 
sional inequalities of the floors of the coal-beds, the sand and gravel ridges which 
traverse them, the channels cut through the coal, the occurrence of patches of 
sand, and the insertion of wedges of such material, splitting the beds, . . . are 
constantly represented in modern swamps and marshes, more especially near their 
margins, or where they are exposed to tlie effects of ocean storms or river inunda- 
tions,’ The great thickness of coal and carbonaceous shale in the Albion Coal- 
measures at Fictou, Nova Scotia, were formed in a depres.sion separated by a 
shingle bar (conglomerate) from the more exposed flats outside.® 

0. Fossils of the Coal-measures of South Wales. — An examination, or even an 
enumeration, of the fossils would be much more than we have time for now, 
whether we took in hand the plants or the animals. 

1. Of the characters of the former ® we have indicated some particulars, such as 

^ Manual of Coal, &c., 1856. 

* In examining luicro.scopically the ultimate particles of some .shales and under- 
clays, Mr. W. M. Hutchings has discovered tliat tliese are compc.sed of a ‘ micaceous 
deposit,’ in which there is some fragmental mica, but that the mass appears to con- 
sist mainly of minute, rutilifcrous, mica-hke flakes, regarded by him as of secondary 
origin, made from the original components of the stratum. {Geol May., 1800 and 
1891.) Mr. Hutchings kindly inforin.s me tliat, of the numerous fireclays which ho 
has examined, spveral are being u.sed for brick-making. (Letter, May 20, 1891.) 

3 De la Eeche, Mem. Geol. Sii7'v., vol. i., pp. 173 and 177. 

^ Logan, De la Beche, Buddie, and others. * Dawson, Q.J.G.S , vol. x , p 46 

* A useful compendium of our knowledge of coal-plants in 1863, by Professor 
John Morris, was published in the Proceed. Geol. Assoc, of that date. 
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facts about the spores and roots of the gigantic trees of which the humble 
Selaginella, Isoetes, Sphagnum^ and Bquisetum are tlie living representatives. 
Descriptions of their roots, trunks, leaves, woody and other structures have been 
given to the world by both Foreign and British palaeobotanisbs in numerous goodly 
memoirs and volumes, illustrated with excellent plates ; and the many ferns, tree- 
ferns, and cycadaceoua plants (the last known by their fruits chiefly) have been well 
described and figured. Kidston’s * Catalogue of the Carboniferous Plants in the 
British Museum ’ gives full references to many of the above, and the others are 
well known. With increased knowledge, the supposed dome-like, long-armed, 
stigmarian plants, with suhaqueous leaves or processes, either floating on or in the 
water, or growing on the mud, have become the depressed stools, dichotomous 
roots, and innumerable long, narrow, leaf-shaped rootlets of Sigillaria and Lepido- 
dendron. (Binney and others.) C. Grand’Eiiry, however, still distinguishes some 
perfectly aquatic and peculiar plants, which floated in the water with their roots 
trailing on the bottom ; and of Stigmaria he holds the opinion that it indicates a 
formation in deep water, contrary (as he says) to wliat is generally stated.^ The 
supposed palms have disappeared in the explanation that the supposed fruits are 
only the marks of comjnvssed gas bubbles fixed during their escape from the foetid 
black, decomposing mud.“ 

Great advances have been made by Prof. Dr. W. C. Williamson in the know- 
ledge of tin lyeopodiaec'ous trees of the coal, which lie show’s to have partaken 
of the ('xogenoiis structure of modern trees. 

Various more or less arti.>tic representations of ideal coal-forests are to be met 
with, both in special boolcs treating of the subject and in treatises on geology in 
general, hlloquent descriptions of sucli a forest by Ansted and Hugh Miller are 
quoted by Balibur.^ 

Of the flora of the Uplands, which -were bordered by tin* peaty coal-swamps, 
very little is known ; only that the fern fronds and some other plants in the roof 
shales, and the occasional eitlier prostrate or mag-like trunks of conifers in the 
sandstones were probably brought to low’er levels hj^ streams or river-floods. 
(Daw’flon, Lyell, and others.) 

II. The fossil animals of the coal are necessarily of very great interest, hut 
we can now refer to only a few. 

1. Of the invertebrates a fair number occur in Soiitli Wales, but none of the 
myriopods, spiders, scorpions, eurypterids, land .shells, and other rare forms knowTi 
elsewhere have yet been met witln 

In the ^ IMemoirs of tho Geological Survey of Gn^at Britain,’ &c., Iron-Ores, 
&c., Part ni., the late Mr. J. W, Salter very carefully classified and tabulated the 
fossils found in tho ‘ ironstone bands’ of South Wales, describing and figuring the 
most characteristic species. He hoped to have taken up the fossils of the coal 
bands in like manner, ])iit unfortunately the time never came. His observations, 
at p. 220, on the impiortance of managers of collieries and others making very 
careful collodions of fossils, with notes on their exact beds, should even now 
command attention. He iiote.s as follows : — 

Jflack Band ; Anthracoraya, Fish remains .... 

8oap Vein ; Worm-burrows, Anthraconiya, Ferns . 

Black Fins ; Antliracosia, Dadoxylon, Knorria, ami Halonia. 

Ell Balls, al)Ovc Elled Coal ; Asterophyllites, Lexjidodendron, 

and Ulodendron, Ferns 

Under Big-voin Coal ; Antliracosia 

Over Three-quarter Coal ; Anthracomya .... 

Will Shone, or Pin Will Shone, over the Bydyllog Coal; 

Athyris . . ....... 

Darran Pins ; Antliracosia, Anthracomya, Myalina 
Over Engine Coal ; Spirifer and Prodiictns, Fern . 

* M6m. prhenth, -d-cadl. Sciences^ France, vol. xxiv., No. 1, 1877; and 
Annaleftdes Mines, s6r. 8, M6moircs, vol. i., 1882, p. 161. 

’ Carruthers, Oeol, Mag., 1870, p. 215. 

• Palceont, Botany, pp. 70, 71. 


Brackish 

Brackish 

Brackish 

Brackish 

Brackish 

Brackish 

Marine 

Brackish 

Marino 



63a 


BEPOnX — 18U1. 


Black Band, over Old Coal ; Anthracosla, Fish 
Spotted Vein ; Spirorbis ; track of Liiimlus (?) 6 feet below 
the vein ........ 

Red Vein ; Anthracosia, Modiola, Edinondia (?) . 

Blue or Big Vein ; Myalina, Anthracosia, Spirorbis 

Bottom Veins ; Fisli (8 genera) 

Rosser Veins (under the Farewell Rock and above the Mill- 
stone Grit'); Brachiopoda(7 genera), Conchifera (8 genera), 
Gasteropoda, Heteroprda, and Cephalopoda (9 genera), 
Encrinite Stems, Fish remains , 


Brackish 

Brackish 
Marine ? 
Marine ? 
Brackish 


Marine 


Anthracosia ^ was originally regarded as Unto by Sowerby, then referred to 
Cardinia by Agassiz, and to Pnehyodon by Stutchbury ; but it was ultimately 
defined by W. King as related to Unio^ but, being distinct from that genua, it was 
named bj^ him Anthracosia. Mr. Salter noticed that it has a wrinkled epidermis, 
and considered that it was related to the Myndca, and of brackish, if not marine, 
habitat. This is the shell composing the so-called ^mussel bands’ and ^Unio 
bands ’ of the Coal-measures. 

vlwf Arflco?7n/(7, ^ Iron-ores,’ &c., page 220. Mr. Salter indicates that the shells 
which he describes under this name have oscillated in catalogues between Avicula, 
Modiola^ and Unio, and that it has a wrinkled epidermis, like the foregoing. 

vlwMracojyf cm ^ is a triangular shell, Avitli w’rinkled epidermis, and belonging 
to the same group as the above. 

All the forms of this characteristic group of Coal-measure shells are called 
Naiadites by Pawson,"* and regarded by liim as allied to Byssonnodonta, 

Gumbel and Geinitz have described them as belonging to Unio and Anodon ; and 
Ludwig refers Anthracoptcra to Dreissena. At all events there is a great prob- 
ability of their not being truly marine. They may have' lived in the brackish water of 
lagoons and creeks in the black, muddy swam|)s, having some communication with 
the sea, and often or occasionally inundated with saltwater. (Dawson, Salter, ttc.) 

Spirorbis rarhonnrius is frequent in the (Joal-measures of South Wales and else- 
where. This little annelid, though belonging to a inaiiue genus, is often found 
attached to plant fragments in the coal-shales. Those plants may have hung down 
into the water and been infested by the annelid; or it may have attached itself to 
floating plants which were ultimately drifted back to the littoral mud-swamp. 
This ^nrorbis is an important constituent in the Ardwick limestoneof Manchester 
and Shropshire, hut is associated with Ostracoda {Carbo)na)j which are probably 
of brackish-water habitat. 

The Brachiopoda are necessarily maniie. The fish are not good witnesses, for 
they might have migrated to and fro, as some now inhabit both fresh and salt 
waters ; and some might have been essentially estuarine. 

Thus there are few decidedly marine beds in this series, and tliese, of course, 
correspond with the occasional domination of the .sea during its inroads and during 
extreme depressions of the district. 

In addition to the occurrences of fossils in Salter’s list above quoted we may 
notice that in the ^ Geol. Msg.,’ 1870, pp. 214-220, is an account of some fossils 
discovered by the late Mr. W. Adams, of t’ardiff, in 1800, in a ‘Black Band’ in 
the Rhymney Valley, about 800 feet higher in the Goal-measures of South Wales 
than' any hitherto found. The band is calculated to have been rightly 81 feet above 
the Mynyddysllwyn coal, from which it is divided by a fault; it is in five layers, 
and about 8 feet thick, with its as.sociated shales. One of these in its midst and 
the lowest shale caiTy the fossils. With some plant remains there is Anthracmnya, 
with Estheria (?) Adamsiiy E. tenella^ and Lcam Leidyi, all probably of brackish 
habitats; also Cnrbonia Pivelincc and V. Ayncs, Ostracodes typical of a genus which 
is found in the black shales, presumably of cither fresh- or brackish-water origin. 
Mr. Adams also found a shale full of Anthracomya at Aberbeeg, Ebbw Vale, over- 
lying the Troed-rhiw-Clawdd coal, and 220 yards below the Mynyddysllwyn coal 

(p. 216). 

* Iron-Orei South Wales, pp. 226, 227. * Salter, QJ.O.S., vol. xix,, 1863, p. 80. 

* Acadian Oeol, X868, pp. 201-203. 
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2. Of the Vertebrata the fishes enumerated in Mr. Salter’s list are important. 
The following are the genera named : — Megalichthys, Rhizodus, Pleuracanthus, 
Byssacanthus (?), Palaeoniscus, Amblypterus, Flelodus, and Poecilodus. 

Although reptilian remains are rare in South Wales, yet they are not altogether 
wanting. In 1865 • Professor (now Sir Richard) Owen described some remains of a 
small amphibian (between newt and lizard), found by the late J. E. Lee in the 
lower part of the Middle (or upper part of the Lower) Coal-measures at Llan- 
trissant, Glamorganshire. The animal was rather larger than the allied Vendrer^ 
peton Acadianuin, and Professor Owen named it Anthrdkerpeton crassosteum^ ‘ the 
thick-boned coal-reptile.’ This paper and its illustrations were reproduced in the 
^Trails. Cardiff Nat. Soc.’ 

10. E.i tent of the Coal-measures under the South of Enr/land. — Sir H. Re la 
Beche in 1840^ noted that a great sheet of palaeozoic rocks, including the Cv:>al- 
measures, extending from Belgium to Central England, had been rolled about, 
undulated, crumpled, and then partially worn away before the New Red Sand- 
stone and other Mesozoic strata were laid down upon them ; and that these, in 
their turn, liad been denuded so as to ex})Ose here and there portions of the under- 
lying Coal-measures, though near by a ridge of profitless Mountain-limestone or 
other older rock might come to the surface. 

In 1856 Mr. Godwin-A listen, following up his reasoning about the areas of 
coal-growth (see above, page 61 7), explained that the movements of disturbance 
which they have undergone had tended to preserve the great Eranco-Belgian coal- 
band, and had rendered it available; and he proceeded to state that the course of 
that band of Coal-measures may be traceable westward, and probably coincided 
with, and may some day be reached along the line of, the Ahilley of the Thames. 

Professor Prestwieh in 1871 extended this inquiry;^ and, having carefully 
compared the coal-beds of Somerset and Btdgimn, described the chai’acters and 
relations of the strata in detail, and showed that the coal might bt‘ met with at a 
workiihle distance from the surface along a narrow but interrupted curvt'd area 
from Westphalia, through Belgium and France, to England ; then along the 
nortli-eastern ])urt of Kent (Isle of Thanct, Ac.), and through Herts, Bucks, 
Oxfordshire, Gloucestershire, to the Bristol coal-field, and on to South \N’ales. 
The coincident axis of disturbance is south of the rher Tliamc'^, in his opinion 
throwing off the coal-beds on its northern flank. 

Mr. W. Galloway ha.s given in thij ‘Cardiff Nat. Soc. Report,’ vol. xvii. 1856, 
p. 26, a sketch of tins views here alluded to. A full account of the history and 
literature of the question of the underground range of the older roelcs in the South- 
e<‘ist of I'lngland, especially as to the po.ssible occnrrenc(‘ of the Coal-measures, is 
published m the ‘ Memoirs of tlie Geological Survev : The Geology of T.oudon and 
of Part of tlie Thainrs Valley,’ vol. i., 1881), pp 16 28, by Mr. Wliitnker, F.R.S., 
who, having given clo.se attention to this subject, has suggested the following 
localities as likely .sites in the search for coal in the Soiith-ea.st of England : 
»St. Margaret’s, Chartham, Cliathara, and Shondiam, all in Kent; Biishey (llerts), 
Longhton (Essex), and Coombs, near Stowmarket (Siillblk).‘ 

An interesting fact relating to this matter is that in Eebriiarv 1860 th(‘. engineer 
of a boring at the foot of Sliakespenr’s Cliff, Rover, annonnced that at l,2t)4 feet 
below the surface there a thin .‘'cam of coal was met with, and at several yards 
lower down coal eight feet thick was pierced, as.sociat(‘d with clavs, grits^ and 
blackish shales. (Newspapers.) Rr. Blanford, in his ‘Anniversary Address to the 
Geological .Society ’on February 21, 185)0, stated that Professor Boyd Dawkins, 
in a letter received tlie day before, liad informed him tliat a coal-seam had really 
‘been reached at a dejitli of 1,180 feet, and that this seam i.s proved to be of Car- 
boniferous age by the plant-fossils in the associated clays. . . . The discovery is .“iolely 

* Geol. Mag,, vol ii., pp. 6, 8, plates 1. and II. 

* Mem. Gi’Oh Surv,, vol i , pp. 2111-214. 

■ Tl^jwrt Ihnjal Coniinission ('oa I- Supply, 1871 ; Avnir. Address Gcal. Soc., 1872; 
Popular Science Jlrriete, duly, 1872 ; and Proceed. Instit. Ciril Ihiginecrs, vol. xxxvii., 
1874, p. 110, Ac., plato.s Vlli, and IX. 

* Qeol, Mag,, November, 1890 ; Itcp. Brit. 1890, p. 819. 
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tbe result of scientific induction, and arrived at by following tlie line of research first 
indicated, I believe, by the late Mr. Godwin-Austeii and subsequently by Professor 
Prestwich.’ The boring was undertaken with the advice of Professor W. Boyd 
Dawkins ; * and wo learn, from his latest Beport,'^ that the Coal-measures were 
reached at 1,113 feet below high-water mark, and were penetrated to 1,500 feet; 
also that in the 387 feet of Coal-measures six seams were met with, giving an 
aggregate of 10 feet nf coal. The distance of the Coal-measures below high-water 
mark is a near approximation to Professor Prestwick’s computation of the prohahle 
depth at which coal might be found in that part of Ktuit, namely, 1,000 to 1,100 
feet.* The account of the coal-plants or other fossils from those beds has not yet 
been published. 

11. Conclusion. — The formation and subsequent arrangement of coal and the 
Coal-measures have been so. ordered that the blessings of civilisation liave been 
largely enjoyi^d wherever the fossil fuel at man’s (e»‘t lias been industriously 
worked by Ids hands, and carefully applied to the improvement of his social 
being. These labours of enreful perseverance, and arts of skilful manipulation, 
have given speeial characters to those whose energies liave beiui directed to coal- 
mining and various manufacturing enterprises ; and all conditions of society have 
been influenced thereby. 

So also the geologist, chemist, and botanist, seeking out the coinposition of the 
various coals, their local position and extent, tlieir special natural history, the 
mode of passage from dead plants to first-rate fuel — in fact, aiming at a complete 
mastery over all tlie mazy events and conijdicnted results of the coal-formation — 
not only find a useful exercise of their cultivated intelligence and accumulated 
knowledge, benefiting all by the practical results, but they widen the mental 
culture of others, and show bow tiu' studv of nature is an indispensable elmuent 
in good education, and necessarily productivi' of lasting benefit to society at large. 

Light, heat, motion, fragrance, and colour are all now oblainabh' from coni. 
What more could the sun himself do for us? It is as if the sunshine that 
cherished the luxurijint jungles of the jinst had l>oen pr(*scrv(‘d in the coaly mass of 
the buried trees. Indeed, the light and heat of former davs^ expiuidi'd in thus con- 
verting carbonic acid and wat(*r into coal, are liere stored up for man. By 
converting coal into carbonic acid and water he can again evolvi'. tliat heat and 
light, and us(‘ tliein in a thousand ways beneficial to his race —nay, I'ssmitial to his 
lery fexistence as a civilised being. (.1. W. Salter and others ) 

Nevertheless, a great di'al has yet to be h'arnt about tin* natural history of 
the Coal-measur(‘s, the ordtu’ and extent of the special kinds of tiulr animals and 
plants, the time occupied in formation, and the geographical and hydrographical 
conditions. At all events, we know that all their strata have lieen arranged in 
order., have been buried under circumstances favourable to ]>rodnction of the 
various coaly fuels, and then lunu'd up in orderhf disorder, ready to the hand of 
man, and widl arlapted for his use in this passagi'-slage of Ids civilisation and 
develo])ment, helping him, when intelligent, active, careful, and ]>erse.vering, to 
higher ends, h’or wi^ cannot doubt that all things lu‘re are arranged for his 
better being, his jirogress towards more and more useful arts, widm’ ranges of 
science, and fitter aptitudes of life, of which as yet we have hut little conception. 
We are still the early settlers in a beautiful world, whose capahilitie.s, imperfectly 
known as yet, wait until higher developments of man can understand them fully, 
and apply the results to the general good. 


’ See also Confnnporary Bericrr, April 1890 ; and his Lecture to the lloijal InstU 
tnt'ion, June 6, 1890. 

* Iteport of Proeeed. General Meeting of the South Eastern Ita'dway Company , 
July 23, 1891 , p. 10 ; and Financial News, July 24, 1891. 

* Proceed. Instit. CIvaI Engineers, vol. xxxvii., 1874, pp. IG and 26 of the separate 

p^per. 
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The following Papers and Reports were read : — 

1. Discovery of the Olenellus-isoue in the North-west Highlands. 

By Sir Archibald Geikie, Director-General of the Geological Survey, 

Ever since the Geological Survey began the detailed investigation of the 
structure of the North-west Highlands of Scotland the attention of its officers has 
been continuously givtm to the detection of any fossil evidence that would more 
clearly fix the geological horizons of the various sedimentary formations which 
overlie the Jicwisian gneiss. A large collection of organic remains has been made 
from the Durness Limestone, but it has not yet yielded materials for a satisfactory 
stratigrapliical correlation. The study of this collection, however, has confirmed 
and extended Salter’s original sagacious inference that the fauna of the Durness 
limestone shows a marked North American facies, though, according to our present 
terminology, wo place this fauna in the Cambrian rather than in the Silurian 
system. Relow tlie Durness Limestone lies the dolomitic and calcareous shaly 
group known as the ^ Fucoid beds/ which, though crowded with worm-castings, 
has hitherto proved singularly devoid of other recognisable organic remains. In 
following this group southwards through the Dundonnell Forest, in the west of 
Ross-shire, my colleague, Mr. John Horne, found that, a few feet below where its 
upper limit is marked by the persistent baud of ^ Serpulite grit,’ it includes a zone 
of blue or almost black shah^s. During a recent visit to him on his ground, when 
he poinh'd out to me tins remarkable zone, 1 was struck with the singularly 
unaltered eharacU'r of tliese shales, and agreed with him that, if fossils were to be 
looked for anywhere among these ancient rocks, they should be found here, and 
that the fossil-collector, Mr. Arthur Macconochii', should be directed to search the 
locality with groat care. "Jlie following week this exhaustive search was under- 
taken, and Mr. ^Tacconochie -vas soon reward(‘d by the discormy of a number of 
fragmentary fo'jsils, among which jMr. B. N. Peach, who was also stationed m the 
district, recognisial wliat appeared to him to be undoubtedly portions of Olmcllus, 
The importance of this discovery being obvious, the search was iirosecuted 
vigorously, until th(‘ fossiliterous hand could not be. followed further without 
quarrying operations, which in that remote and sparsely inhabited region could not 
be at that time undertaken. The speoiuieus were at once forwarded to me, and 
were placed in the liands of Mi'ssrs. hihannan and Newton, Palaeontologists of the 
Gefdogical Survey, wlio confirmed the reference to Olenellus. More recently 
Mr. IVach and Air. Horne, in a remnved examination of the ground, have found, in 
another thin si'am of black shale interleaved in the ‘Serpulite grit,' additional 
pieces of OleneUns, including a tin(‘ heai^-shield with eyes complete. There may 
be more than one species of this (rilobite in these Ross-sbire shales. The specific 
determinations and descriptions will shortly he given by Air, Peach. 

The detection of OlcncUus among the rocks of the North-west. Highlands, and 
its association with the ahundant Salferelld of the ‘ Serpulite grit,’ atlord valuable 
materials for compari.son with the oldest Paheozoic rocks of other regions, parti- 
cularly of North America. The ^ Fucoid beds ’ and ‘Serpulite grit’ which inter- 
vene between the quartzite below and the Durness IJmestone above are now 
demonstrated to belong to the lowest part of tlie Gambrian system. The quartz- 
ites are shown to form the anmaceous base of that system, while the Durness 
Limestones may bt? Middle or Upper (’ambrian. On the other hand, the Torridon 
Sandstone, which Alurc bison placed in the Cambrian series, can now be pro\ed to 
be of still higher antiquity. The marked unconformahility which intervenes 
between it and the overlying quartzite points to a long interval having elapsed 
between the deposition of the two discordant formations. The Torridon Sand- 
stone must therefore he pre-Garabrian. Among the 8,000 or 10,000 feet of strata 
in this group of sandstones and conglomerates, there occur, especially towards the 
base and the top, bands of grey and dark shales, so little altered that they may be 
confidently expected somewhere to yield recognisable fossils. Already my col- 
leagues have detected traces of annelids and some more obscure remains of other 
organisms in these strata. These, the oldest relics of life yet known in this country, 
have excited a vivid desire in the Geological Survey to iscover further and more 
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determinable fossils associated with them in the same primeval restinj^-place. We 
shall spare no pains to bring to light all that can be recovered in the North-west 
Highlands of a pre-Cambrian fauna. 


2. On some recent Work of the Geological Survey in the Archceati Gneiss 
of the North-west Highlatuls. By Sir Archiiuld Geikie, F.B.S,, 
Director- General of the Suraey. 

For some years past the officers of the Geological Survey have spent much 
time and labour upon the investigal ion of the old or fundamental gneiss of the 
North-west Highlands. Tliey have succeeded iu showing that it consists mainly 
of materials which were originally of tlie nature of eruptive igneous rocks, hut 
which by a long succession of processes ha\e acquired the complicated structures 
which they now present. No evidence of anything but such eruptive rocks had 
been met with until the mapping was carried into the west of lioss-shire. In that 
area it had long been known that the gneiss includes some mica-schists and 
limestones which were believed to be integral parts of its mass. With the 
accumulated experience of tlieir work furtljcr north my colleagues were naturally 
predisposed to accept this view, and to look on even the liiiie.''toues as the result 
of some crushing-down and re-formation of basic igneous rocks containing lime 
silicates ; but as they proceeded in their w'ork they encountered various difficulties 
in the acceptation of such a theoretical explanation. In particular they found 
that with the mica-sc!iist were associated quartz-.schists and graphitic schists, and 
that the limestone occurred in thick and persistent bands, with included minerals 
like those found in the Eastern Highlands in districts of contact metamorphism. 
The microscopic examination of some of these rocks sliowed them to present 
close affinities to certain members of the cr}.sta]line series of tlie Eastern and 
Central Highlands, which can be recognised as consi.sting mainly of altered sedi- 
mentary strata (l)alradian series); yet the officers of the Survey could not 
separate these doubtful rocks from the surroundiug gneiss. The several materials 
seemed to pass insensibly into each otlier in numerous sections, which were 
examined with great care. Within the ])re=;(‘ut month, however, one of the 
members of the staff, Mr. ( \ T. Clough, who has been specially engaged in this 
investigation, has obtained wiiat may prove to be conclusive evidence on 
the subject. He has asctTtained that the main bands of graphitic schist occur 
evenly beddtd in an acid mica-schist, in which also tliese graphitic layers are 
distributed at intervals of an inch or less. These rocks are sharply marked oil 
from the true gneiss, though where they actually join they appear to he, as it 
were, crushed along a line of intense movement, Mr. Clough and his colleagues 
are at present disposed to believe that these schists are really an older series of 
sediments, into wliich the original igneous rocks now forming the gneiss were 
erupted. If they succeed in demonstrating the correctness of this inference they 
will have established a fact of tlie greatest interest in regard to the geological 
history of our oldest rocks. Already they have shown the thick masses of 
Torridon sandstone to be an accumulation of sedimentary materials of pre- 
Cambrian age. They will push back the geological record to a still more remote 
past if they can establish the existence of a yet more ancient group of sedi- 
mentary strata, among which layers of graphite and beds of limestone remain to 
suggest the existence of plant and animal life. 


3. Report of the Committee on the Registration of Type Specimens. 
See Reports, p. 299. 


4. Remarks on the Lower Tertiary Fish Fauna of Sardliiia. 

By A. Smith Woodward, F.G.S. 

The author referred to a series of fragmentary fish-remains from the Miocene 
of the neighbourhood of Cagliari, Sardinia, collected and submitted for exami- 
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nation by Professor D. Lovisato. A memoir on the subject by Professor F. 
Bassani had lately appeared (' Atti R. Accad. Sci. Napoli/ Series 2, vol. iv», 
Mem. No. 3, 1891), and the present communication contained only brief supple- 
mentary observations. In addition to the Selachian genera and species recognised 
by Bassani, the author identified teeth of Scy7nnuSf Oayrhina Dcsori^ GaleuSf 
AprionodoUj and probably Physodort, besides dermal scutes of Trygon. The 
collection comprises no evidence of ganoid fishes, and most of the remains of 
teleosteans are too imperfect even for generic determination. Traces of Scom- 
beroids and Labroids occur, and there is evidence of a new species of the Berycoid 
Holocentrwn. Teeth of Chrysophrys^ SarguSf and other common Mediterranean 
genera are abundant; and a few detached yellow teeth represent an indeter- 
minable species of Batistes. 


5. Evidence of the Occurrence of Pterosaurian and Plesiosaurian Ueptiles 
in the Cretaceous Strata of Brazil} By A. Smith Woodward, F.G.S. 

The author exhibited and desciibed two examples of the articular end of the 
quadrate bone of a Pterodactyl, and one imperfect propodial bone of a Plesiosaur, 
discovered by Mr. Joseph Mawsoii, F.G.S,, in the Cretaceous Formation near 
Bahia, Brazil. Though not generically determinable, the fossils are of much 
interest as being the first evidence of the reptilian orders in question from the 
Mesozoic deposits of South America. 


6. The Cause of Monocl Inal Flexure. By A. J. Jukes-Browne, F.G S. 

Folds of the ordinary arch and trough type are generally ascribed to the in- 
fluence of lateral pressure ; but it is cot ea5>y to see how a monoclinal flexure 
which appears in section as a ilexure connecting two horizontal bars of strata can 
have been produced by direct lateral pressure exerted at the ends of the bars. 

The author suggests that monoclinal flcxuring is a structure impressed upon a 
horizontal series of uncompressed strata by the displacement of a subjacent mass of 
faulted and flexured rocks, the lateral compression of the deep-seated mass result- 
ing in the vertical uplift of certain portions of the ^ cover.’ If a series of stratified 
rocks rests in a horizontal position on a mass of ancient rock, which has been com- 
pressed, indurated, flexuied, and faulted before the deposition of the upper series, 
it is supposed that the lower series of rocks would give way under lateral pressure 
along the pre-existing faults, and that the blocks which lie between upward diverg- 
ing faults would be forced to move upwards, carrying with them those tracts of 
the * cover’ which rest on them. It is evident that these tracts would be divided 
from those resting on blocks defined by downward diverging faults by faults or 
monoclinal flexures, the production of a fracture or a flexure depending partly on 
the thickness and pliability of the strata forming the cover and partly on the 
amount of local uplift. It is conceivable that the displacement might take place 
partly by faulting and partly by flexuring, and that what was a fault near the 
plane of unconformity might pass upward into a flexure. 

The writer desires criticism on the above suggestion, especially from those who 
will have a chance of seeing the grand monoclinal flexures of the Colorado region 
during the excursion of the approaching International Geological Congress. 


7. Note on an Undescribed Area of Lower Greensand, or Vectian, 
in Dorsetshire. By A. J. Jukes-Browne, F.G.S. 

[Communicated by permission of the Director-General of the Geological Survey.] 

A recent examination of the ground below the escarpment of the Chalk in 
North Dorset has revealed the existence of a tract of Vectian or Lower Greensand 
which had not previously been suspected. Reference to the Geological Survey 

* Published in extenso in Ann. Mag. Nat. Hist. [6] vol. viii. pp. 314-317. 
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map, Sheet 16, will show that the Gault was supposed to thin out and disappear 
near Shaftesbury, so as to allow the Upper Greensand to rest directly on the 
Kimmeridge Olay. This proves to be a mistake ; the Gault is continuous into and 
beyond the valley of the Stour. Moreover two miles south of Shaftesbury a tract 
of sand emerges from beneath the Gault, and forms a terrace which for a little 
distance has a separate escarpment of its own. 

Near Bedchester this tract of sand is nearly half a mile wide, and thence it can 
be traced to Child Okeford, on the eastern side of the Stour valley, its length being 
between four and five miles. 

Exposures near Bedchester show that it consists chiefly of quartz sand contain- 
ing a variable amount of glauconite, some bods being yellow and consisting chiefly 
of quartz, otliers being grey or dark green and containiTig a large amount of 
glauconite. There is also a bed of greenish-black glauconitic clay, 2^^ feet thick, 
consisting of dark purple clay and minute grain.s of dark green glauconite inti- 
mately mixed together. Most of the sand is of fine grain, but there are some thin 
layers of coarse sand. 

So far as is yet known, and with the exception of a small exposure near Lul- 
worth Cove, this is the most westerly tract of Lower Greensand in hlngland. 


8. On the Cotitinniit/ oj the Kellmvays Beds over oxiended arccin near Bedford^ 
and on the Extension of the FnlJeEs Earth Works at Woburn. By 
A. C. G. Cameron. 

[Communicated by pormihsion of the Direct or-(leneral of tlje Geological Survey.] 

In this paper further evidence is submitted from diilerent parts of the country, 
of the continuity over extended areas of the Kcllaways Rock above the Lower 
Oxford Clay. Several line excavation.?, tlie result of railway enttu’prise, hav(5 
afforded sections of these beds in places wliere tlieir pr(\seuce was only inferred 
before. More than the usual tliickne.«.s is indicated by records i*ecently obtained 
from deep sinkings and borings in the >Midland districts, especially the Hletchley 
boring ot 1880-7. 

The extraordinary concretionary stones, noticed in Wiltsliiro by Smith as 
characterising this formation, and quarried away years ago at Kellaways for road- 
stone, jut out in the Valley of the Churn, near Cirencester, and stand about in 
clusters in the Valley of the Ouse at Bedford like gigantic fungi. The plane of 
separation of t he Upper Oxford and the Kellaways in Bedfordshire is formed by a 
sbelly calcareous band in contact with a shelly cap to the concretionary stones. 
Where this plane is a broken one there is no development of concreted rock, and 
the lowest sediment of Upper Oxford clay is loamy, passing down into Kellaways 
sand. Above the calcareous hand there is sometimes an indurated seam of sandy' 
marl, breaking into conical forms ; the product, apparentl^y, of stalactitic infiltration. 
Pits are opened at the outcrop of the Ktdlaway.s (a persistent stratum in the Ouse 
Valley) and are carried down through the Lower Oxford (selenite clay), Cornbrash 
and Conihrash clay to Great Oolite limestone, which is quarried for lime-burning; 
the Gam earth,' the loamy portion of the Kellaway.s, being mixed in the mill with 
the Lower Oxford, which is dug for brickmaking. Excellent sections, showing 
the above series, are to be seen. 

Observations on the extension of the Fuller’s Earth Works at Woburn Sands, 
with some description of the beds, are given, and the raining industry now springing 
up is commented on. 
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FRIBAY, AUGUST 21. 

The following Papers were read : — 

1. On the Discovery of the South-Eastern Coal-field, 

By Professor W. Boyd Dawkins, F.li.S. 

The author pointed out that although the physical identity of the South- 
Western coal-fields with those of Northern France and Belgium was recognised 
hy 13iickland and Conyheare as far back as 1826, it was reserved for Godwin- 
Austen to point out the possibility (in 18/55) and the probability (in 1858) of the 
extension of the coal measures under the secondary rocks of South-Eastern. 
These views were ratified by Prestwich, before the Coal Commission in 1866. 
After referring to the sub-wealden boring, abandoned when carried to a depth 
of 1,904 feet, the author stated that in 1886 he recommended to Sir E. Watkin 
that a boring should be made on the site of the Channel Tunnel works, almost 
in sight of Calais, where the coal measures had been reached at 1,104 feet, and 
near the spot where about four hundredweight of bituminous material, possibly 
derived from the coal measures below, had been found in the chalk. Professor 
Prestwich had pointed out in 1873 the possibility of tunnelling across the 
Channel in the older rocks, and Mr. Whitaker had also pointed out in 1886 the 
desirability of making trial for coal at Dover. 

A shaft was sunk on the we.st side of Shakespeare’s Cliff* to a depth of 44 feet, 
and from the bottom of this a bore-hole was carried to a depth of 1,500 feet, 
through th(' following strata: Cretaceous, 500 feet; Jurassic, 613 feet; Coal 
measure.s, 3S7 feet. The first seam of coal was struck at 1,140 feet, and five 
other seams wore mot with at intervals down to 1,500 feet, giving, according to 
Mr. Brady, 10 feet of workabh* coal in all. These coal measures dipped gently at 
an angle of 2 degrees to the soutli, and are clearly within the limits at which 
mining (*an be carried on at a profit, for the British coal-fields are worked to 
depths of 3,000 feet, those of Bolgium to 4,000 feet, and year by year the improved 
means of ventilation carry the limit downwards. 

'riie coal is briglit and blazing, with cleat slightly lozenge-shaped, and, although 
with marks of crushing in two .s('am.s, is much less injured in this respect than the 
coals of the Boulonnais. Comparison witli the Westplialian coal-field, which has 
294 feet of workable coal, that of Liege with 212 feet, that of Mons with 250 feet, 
and t liat of Somerset with 98 feet, suggests that the discovery of other and thicker 
seams is mertdy a question of .viuking deeper. 

In conclusion, the author pointed out the importance of a new coal industry 
in the south-east of England, carrying in its train many other industries, and not 
improbably r('vi\ing under more favourable conditions the ancient woalden iron- 
field, while he also indicated the important bearing of these discoveries on the 
question of tlie durability of our coal supply. 


The Orology of Petroleum and Natural Gas, 

By W. Topley, Assoc.Tnst.G.E. 

The object of this paper is to give a summary of some of the more important 
facts as to the geological conditions under which petroleum and natural gas are 
found in various parts of the world, noting the geological ages of the rocks in 
which they occur, and the influence of geological structure in determining this 
occurrence. 

Few cases are known in which petroleum occurs in rocks older than the Silu- 
rian, and none where the amount is of any importance. 

Petroleum occurs, but not in largo quantity, in a trachyte-breccia at Taranaki, 
New Zealand. In N.W. Hungary it is .found in a trachytic tuff’ of ]\Iiocone age, 
and in some other areas email indications of petroleum are found in volcanic 
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rocks. These, however, are exceptional cases ; for in the great majority of cases 
petroleum is far removed from any known indications of true volcanic action. 

The great stores of petroleum and gas in Pennsylvania and New York are in 
sandstone beds of the Devonian and Lower Carboniferous rocks. Of late years 
OTeat quantities of gas and oil have been obtained, chiefly in Ohio and Indiana, 
nrom the Trenton Limestone (Ordovician). 

The oil- and gas-fiolds of Pennsylvania and New York have a very simple 
geological structure. The rocks lie comparatively undisturbed, being only gently 
folded into a series of anticlinals and synclinals parallel with, and along the N.W. 
side of, the main axes of the Alleghanies. These folds have themselves a gentle 
inclination towards the S.W. In the Alleghanies, and to the S.E. of the range, 
where the rocks are greatly disturbed, neither oil nor gas is found. Some of the 
larger gas wells are on or near the summits of anticlinals, but many are not so 
placed. In the Trenton Limestone fields of Ohio and Indiana the productive areas 
are mainly over anticlinals, gas occurring at the crown of the arch, oil on the 
slopes. 


The essential conditions for a largely productive field of gas or oil are — a porous 
reservoir (generally sandstone or limestone) in which the hydrocarbons can bo 
stored, and an imper\ious cover of shale retaining them in the reservoir. It is 
also believed that they only occur where, in or under the porous reservoir, there 
have been accumulations of fossil remains, the original decomposition of which 
yielded the hydrocarbons. In the case of the sandstones the original source was 
probably the fossiliferous shales which underlie them ; in the case of the Trenton 
Limestone the source was probably the fossiliferous limestone itself. The lime- 
stone is only productive under certain circumstances ; in its normal condition it is 
a compact rock, and then it contains neither gas nor oil. Jhit over large areas the 
limestone has been dolomitized, and so transformed into a cavernous and porous 
rock in which gas and oil are stored. The enormous quantities of gas and oil 
given out from beds of limestone and sandstone can be fully accounted for wlien 
their porous nature, thickness, and extent are taken into consideration. Some of 
these rocks can contain from /.^tli to ^tb of their bulk of oil. 

The high pressure under which gas and oil flow from deep borings can in most 
cases be fully explained by artesian pressure. 

In Kan-sas gas occurs mainly in the Lower Coal Measures. In Kentucky and 
Tennessee oil is found in the Ohio shales (Up. Devonian), in Colorado in shales of 
Cretaceous age. In California it is found in Tertiary strata, mostly much disturbed. 

In Canada the chief source, in Ontario, is in Devonian rocks, along a well- 
marked anticlinal; but gas and od also occur in the Trenton Ijiraestone. In the 
North-West Territories there seem to be great stores of oil in Devonian rocks. Gas 
and oil now found in Cretaceous strata of the prairies and Athabasca may have 
been derived from underlying Devonian rocks; but in the Rocky Mountains, at 
Crow’s Nest Pass, oil is probably native to the Cretaceous beds. 

In Mexico, the West Indies, and parts of South America, Tertiary strata seem 
to be the chief source of od. The age of the petroleum-bearing unfossiliferous 
sands, &c., of the Argentine Republic (province of Jujuy) is not certainly known; 
they have been referred hy different writers to various ages from Silurian to 
Tertiary ; they are probably sub- Cretaceous. In Europe and Asia the petroleum- 
bearing l)eds are of Secondary or Tertiary age, the Palaeozoic rocks yielding only 
an in.significant supply. 

In North-west Germany we find petroleum in the Keuper Beds, and more or 
less in other strata up to and including the Gault. As we pass to the south and 
south-east from this district we find, as a general rule, that oil occurs in newer 
strata. Tlie various productive horizons of different districts are as follows; — 


North-west Germany . 
Ehone Valley | 
t^avoy j * • 

Pyrenees \ 

Spain / * • • 
Elsass . , • • 


Keuper to Gault. 

Jurassic. 

Neocomian and Cretaceous. 
Oligocene. 
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Bavaria 
Italy . 

Galicia | 

North-east Hungary j 
Poland 1 
Koumania I 
Caucasus ) 

The important districts of Baku occur on plains over anticlinals of Miocene beds. 
The petroleum-bearing sands are interstratified with impervious clays, separating 
the strata into distinct productive horizons. 

In Algeria oil occurs in Lower Tertiary beds. The Egyptian petroleum comes 
from Miocene strata. 

Petroleum seems to be unknown in peninsular India ; but it occurs in many 
places along the flanks of the Himalayan range, and also in Lower Burma, generally 
in Lower Tertiary strata. In Upper Burma and .lapan the oil-bearing rocks are 
probably Newer Tertiary. In all those areas tbe beds are greatly disturbed, and 
the same is the case with the great Carpathian field ; but it frequently happens 
that the most productive regions are along anticlinal lines. 

In New Zealand oil occurs in Cretaceous and Tertiary strata. 

Petroleum and gas almost universally occur associated with brine. This may 
come wildly or partly from the decomposition of the animal matter which has 
produced the hydrocarbons, together with the remains of the sea- water originally 
present in the rocks. But the frequent occurrence of rock-salt in the neighbourhood 
of petrolBiim-bearing districts is worthy^ of note. 

iSummary, — The main points to be considered in respect to the geological con- 
ditions under which petroleum and gas occur in quantity seem to be as follows : — 

1. They occur in rocks of all geological ages, from Silurian npw^ards. The 
most productive areas are Palseozoic in North America, ^Miocene in the Caucasus, 

U. There is no relation to true volcanic action. 

8. The most productive areas for oil in great quantity are Avhere the strata are 
comparatively undisturbed. Oil, but in less abundance, frequently occurs when, 
the strata are liiglily disturlx'd and contorted, but gas is rarely so found. 

4. The main requisites for a productive oil- or gas-lield are a porous reservoir 
(sandstone or limestone) and an impervious cover. 

6. Both in comparatively undisturbed and in highly disturbed areas, an anti- 
clinal structure often favours the accumulation of oil and gas in the domes of the 
arches. 

0. Brine is an almost universal accompaniment of oil and gas. 


3. The Origin of Pctroleiim} By O. C. D. Ross. 

In the course of introductory remarks the author contends that, owdng to the 
mystery surrounding the origin of petroleum, and to the paucity of indications 
where to seek for it, practical men in this country distrust the permanence of the 
supply, and liesitate to adopt it for many useful purposes; while the object of 
this paper is to suggest a way of resolving the mystery which is calculated to 
dissipate tliat distrust. Tbe theories suggested by Reichenbach, Berthelot, Men- 
delejefl*, Virlet, Verneuil, Peckham, and others, which are briefly described, make 
no attempt to account for the remarkable variety in its chemical composition, in its 
specitic gravity, its boiling points, &c., and are all founded on some hypothetical 
process which diflers from any with which w'e are acquainted ; but modern geo- 
logists are agreed that (as a rule) the records of tbe earth’s history should be read 
in accordance with those laws of Nature which continue in force at the present 
day. Ey., the decomposition of fish would not now’- produce paraffin oil; hence 
we can hardly believe it possible thousands, or millions, of years ago, so long as 
it can be shown that any of the ordinary processes of Nature is calculated to 
produce it. The chief characteristics of petroleum strata are enumerated as : I. The 

* See the Chemical Nervs for October 16, 1891. 
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existence of adjoining beds of limestone, gypsum, &c. ; II. Volcanic action in close 
proximity, III. Tlie presence of salt water in tbe wells; IV. The great extent 
of the production of oil, indicating subterranean receptacles of vast dimensions. 

J. The close and invariable proximity of limestone to the wells has been noticed 
by all writers, but they have been most impressed by its being ^ fossiliferous,’ or 
shell limestone, and have drawn the erroneous inference that the animal matter 
once contained m those shells oiiginated petroleum, but no tish oil ever contained 
paraffin. On the other hand, the fossil shells arc carbonate of lime, and, as such, 
capable of producing petroleum under circumstances such as man}^ limestone beds 
have been subjected to. All limestone rocks were formed under water, and are 
mainly composed of calcareous shells, corals, encrinites, and foraminifera, the 
latter similar to the foraminifera of * Atlantic ooze ’ and of English chalk beds. 
Everywhere, under the microscope, its organic origin is conspicuous. Limestone 
is the most widely diffused of all rocks and contains 12 per cent, of carbon. 
Petroleum consists largely of carbon, and there is a far larger accumulation of 
carbon in the limestone rocks of the United Kingdom tlian in all the Coal-measures 
the world contains. A range of limestone rock 100 miles in length by 10 miles in 
width and 1,000 yards in depth would contain 74*3,000 million tons of carbon, or 
sufficient to provide carbon for 875,000 million tons of petrohMiin. Deposits of 
bituminous shale have also limestone close at baud; c r/., eora 1-rag underlies the 
Kimmeridge clay, which is more or less saturated tliroiighout with ])e1roleum, 
and it also underlies the famous Black-slialo in Kentucky, which is extraordinarily 
rich in oil. 

II. The evidence of volcanic action in close proximity to ])etroleum strata is 
next dealt with, and extracts in proof thereof are given from several writers. In 
illustration of volcanic action on carbonate of lime, a sulphur mine in Spain, within 
a short distance of an extinct volcano (with which the author is well acquainted), 
is mentioned. That petroleum is not far off is indicat(;d by a perpetual gas flame 
in a neighbouring chapel aiitl other .symptoms ; and, these circumstaiict's having 
attracted his attention, he observed that Dr. Cliristoph Dischof records in his 
writings that be had produced sulphur in his own laboratory by passing hot 
volcanic gases through chalk; which tact furtlicr le<l the author to remark that, 
in addition to sulphur, ethylene,, and all its homologues (Onll.,,), which are the 
oils predominating at Baku, would hr produced by treating — 

2, .‘i, 4, 5 eipiiv. of limestone (etirbonate of liiiKi) with 

2, 13, -1, 5 equiv. of sulphurous acid (80-)* ^nd 

4 6 8 10 equiv. of sulphuretted hydrogen (II*S) ; 

and that marsh gas and its homologues, which are the oils predominating in Penn- 
syh auia, would be produced by treating — 

1, 2, 3, 4, r) equiv. of carbonate of lime, with 

1, 2, .'3, 4, equiv of sulphurous achi, and 

3, 6, 7, 0, 11 equiv. of sulphuretted hydrogen. 

Thus, we find that 

Carbonate of lime 20a^C0* j ( 2(Ca^SOMI^O) (gypsum) 

Sulphurous acid 2SO* I yield | 48 (sulphur) 

and sulphuretted hydrogen 4H*S j I wdilcli is 

and 

Carbonate of lime CVCO’ | | Ca-SOMl-O (gypsum) 

Sulphurous acid SO- yield 38 (sulphur) 

and sulphuretted hydrogen 3H^S J ( CIP, which is marsh gas. 

These and all their homologues would be produced in nature by the action of 
volcanic gases on limestone. 

But much the most abundant of the volcanic gases appears (at any rate at the 
surface) as steam, and petroleum appears to have boon more usually produced 
without sulphurous acid and with part of tlio sulphuretted hydrogen II^S replaced 
by H^O (steam), or (peroxide of hydrogen), which is the product that results 
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from the combination of sulphuretted hydrogen and sulphurous acid (H*S + SO* 
=:HW + 2S). Thus 


Ca'^OO’ ] 

^ Ca230*.H*0 (gypsum) 

H-8 1 

yield ^ and 

2H-0 J 

( CH‘‘, 7narsh gas 

2Ca-COs 1 

( 2Ca2S0Mr'0 (gypsum) 

2H-S 1 

yield \ and 

2H*0- 1 

[ C^H‘, or etliyUnic. 


Four tables are given at the end of the paper, showing the formulae for the 
honiologues of ethylene and marsh gas resulting from the increase in regular grada- 
tion of the same constituents. 

It is explained that these effects must have occurred, not at periods of acute 
volcanic eruptions, but in conditions which may be and have been observed at the 
jfjre.seiit time wherever there are active solfataras, or fuinaroles, at work. Descrip- 
tions of the action of solfataras by the late Sir Richard Rurton and a British 
Consul ill Iceland are quoted, also a paragraph from Lyell’s ‘ Principles of Geology/ 
ill which he says that the mud-volcanoes at Girgeiiti, in the Tertiary limestone 
formation, ‘ are known to have been casting out water, mixed with mud and bitu- 
men, with tlie same activity for the last fifteen centuries.’ Probably at all these 
solfataras, if the gases traverse limestone, fresh deposits of oil-bearing strata are 
accumulating j and how much may there not have been produced during fifteen 
centuries I 

Gypsum may also be an indication of oil-bearing strata, for the substitution 
ill limestone of sulphuric for carbonic acid can only be accounted for by the action 
of these sulphurous gases. Tiio abundunco of gy]<sum in the United Kingdom 
indicates that largo volumes of petroleum are probably stored in places where it 
has never yet been sought for. Gypsum is found extensively in the petroleum 
districts of the United States, and it underlies the rock-salt beds of Middlesboro' 
(X.E. Yorlvshire), where, on being pierced, it has given passage to oil-gas, which 
i.ssues abundantly mixed with brine, and under great pressure from a great depth. 

111. and IV. — Besides the sj)ace occupied by ‘natural gas,’ 17,000 million 
gallons of petroleum have been raised in America since 1860, and that quantity 
enlist have occupied 100,000,000 cubic yards j a space equal to a subterranean cavern 
100 yards wide by twenty feet high and eighty-two miles in length, and it is 
suggested that beds of ‘ porous sandstone ’ could hardly find room for so much ; 
while \ast recejitacles may exist, carved by water out of former beds of rock-salt 
adjoining the limestone. 

This would account for the brine ; and the increa.se to the molecular volume of 
the gas(“^ consequent thereon would in part account for the pressure. It is further 
suggi'sted tliat when no such open spaces were available, the hydrocarbon vapours 
were ab.sorbetl into and condensed m contiguous clays and shales, and perhaps 
also in beds of coal, only partially consolidated at the time. There is an extensive 
hifnminous limeshme formation in Persia, containing 20 per cent, of bitumen; and 
the theory elaborated in the paper would aecount for bitumen and oil having 
been found in Canada and Tennessee imbedded in limestone, which fact Mr. 
Peckham (in his article on Petroleum in the ^ Fiicvclopfedia Brit.,’ 9tli edition) 
thought was a corroboration of his belief that some petroleums are a ‘ product of 
the decom])()sition of animal remains.’ 

Above all, this theory accounts for the many varieties in the chemical compo- 
sition of paraffin oils, in accordance with ordinary operations of Nature during 
successive geological periods. _____ 


4. A Comparison between the Itochs of South Pembrohcsliire and those of 
North Devon. By Henry Hicks, M.D., F.li.S., Sec. Oeol. Soc, 

The clear siiccossioii from tlie Silurian rocks to the Carboniferous to be observed 
in many sections in Sout h Pembrokeshire offers, in the author’s opinion, the key to 
the true interpretation of the succession in the rocks of North Devon, for there 
1801. T T 
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cannot "be a doubt that the post-Carboniferous earth>movements which so power- 
fully affected and folded the beds in North Devon extended into and produced 
almost identical results in South Pembrokeshire. In the latter area, however, the 
succession remains clearer, and can be traced moro continuously. 

The base of the Silurian (Upper Silurian of Survey) is exposed at many 

g oints, and the lower beds, usually conglomerates, repose transgressivcly on the 
•rdovician, and even on some pre-feambrian rocks. Near Johnston and Sloney 
Slade the conglomerate contains numerous pebbles of the Jolinston and (^reat Hill 
granite as well as of other igneous masses which were formerly supposed to be 
intrusive in these beds. From the Silurian conglomerate to the (jarboniferous beds 
there does not appear to be any evidence of a very marked break in the series ; more- 
over, all these beds were folded together and suffered equally by the movements 
which affected the area. The axes of the folds strike from about W.N.W, to 
E.S.E. The movements, therefore, at this time were in a nearly opposite direction 
to those which affected the Ordovician and Cambrian rocks at the close of the 
Ordovician period. Within the broken anticlinal folds portions of the old land 
surfaces have been exposed in several places by denudation. 

The succession exposed in this area and the effects produced by the earth-move- 
ments so nearly resemble those already described by tlie author as occurring in 
North Devon, that he is convinced that the beds must have been deposited con- 
temporaneously in one continuous subsiding area, and that the differences recognis- 
able are chiefly in the basal beds, which were deposited on an uneven land surface. 
He believes that the Morte slates of North Devon are a portion of an old land 
surface on which the so-called Devonian rocks were deposited, and lie also believes 
that the Devonian rocks are only the representatives in Devonshire of the Lower 
Carboniferous, Old Eed vSandstone (and possibly of some of tlie Silurian rocks), of 
Pembrokeshire. A critical examination of tlie fossil evidence tends strongly to con- 
firm this view. 

5. Vtdcanicitij in Lower Devonian RoeJes* The Drawle Prohlein. 

By W. A. E. UssHER, 

[Communicated by permission of the Director-General of the Geological Survey.] 

In the area extending south from the Middle Devonian volcanic series of 
Ashprington to the Prawle there appears to be no proof of tlie occurrence of strata 
older than Lower Devonian. There is no adequate reason for assuming that Lower 
Devonian rocks as old as the Gedinnian occur on the surface, and there is no 
certainty that the lowest beds are older than the Lower Coblenzian. 

The occurrence of local volcanic action in Lower Devonian time is proved 
by a series of diabases and tuffs near Dartmouth, in the Kingswear Promontory, 
near Stoke Fleming, and in the line of country west from Torcross. 

In association with the northern chloritic baud (running from the mouth of 
the valley on the north of Hall Sands on the east to Hope on the west) we find 
volcanic materials identical in character with varieties of volcanic rocks associated 
with the Devonian slates in the line of country w'est from Torcross ; and hero and 
there in the line of country west from Torcross the volcanic rocks assume a more 
or less pronounced chloritic aspect. The junction of the slates on the north with 
the northern chloritic band is a strictly normal one, the chloritic rocks being 
almost invariably separated from the slates by brown volcanic materials which are 
everywhere succeeded by the same type of Devonian slate, and in the Southpool 
Creek and many other sections are found to pass insensibly into the chloritic type. 
In the Southpool Creek section a hard bluish diabase (? aphanite) occurs in the 
cliloritic band. In the southern chloritic districts of the Prawle the volcanic rocks 
may still be here and there detected by texture or colour. Volcanic rocks occur in 
the mica schists of the Start coast, and can be detected even when only a few 
inches in thickness. At Spirit-of-the-Ocean Cove chloritic rock with much calc- 
spar occurs in association with tuffs and a grey rock with incipient foliation, pre- 
senting a slightly gneissoid appearance, and apparently a much sheared diabase. 
The association of the chloritic roclcs with the mica schists is of as intimate a 
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nature as that of the 'polcanic materials with the unaltered slates to the north. 
From these facts it seems evident that the chloritic series is nothing more than a 
Devonian volcanic group, of which the Torcroas, Stoke Fleming, Dartmouth, and 
Kingswear coast tulFs and diabases were either sporadic ofl'shoots or evidences of 
more or leas contemporaneous local vulcanicity. 

The more evident crinkling of the mica schists in contact with the chloritic 
group seems to he due to tlieir comparative softness and greater fissility during the 
crumpling and contraction to which both Avere subjected. 

The comparative suddenness of the transition irom unaltered to more or less 
highly altered roclts may be explained by the lessening of strain (in receding from 
the harder masses of ancient rocks, against which the beds were jammed), being 
coincident with the thioning out of the volcanic materials northward, and further- 
more favoured by the soft character of the grey slates with limonitic interfilmings 
which everywhere bound tlie northern chloritic band on the north. It is not the 
author’s present purpose to enter more particularly into the stratigraphy of this 
interesting region, Avliicli is not yet thoroughly worked out. It only remains to 
acknowledge tlie prior claim of Mr. Somervail to the suggestion of the identity of 
the Devonian diabases with the chloritic rocks. 


G. On the Occurrencr^ of Detrital Tourmaline in a Quartz-schist west of 
Start Fomi, South Devon. By A. R. Hunt, M.A.^ F.G.S, 

While examining the Devonian cliffs near Street Gate, at the north-east end of 
Slapton Sands, South Devon, in company with Mr. W. A. E. Usslier, F.G.S., the 
author selected a bard micaceous sandstone of fine grain, occurring as a band 
betAveen softer rocks, for comparison with a micaceous quartzite or quartz-schist, 
previously noticed by INlr. Ussher at a point on the coast south of Start Farm and 
west of Start Lighthouse. The quartz-schist occurs as an impersistent band among 
the mica-schists Aveat of Start Point. 

Mr. A. Ilarker, F.G.S., on examining the sandstone, at once pointed out the 
presence of tounnaline and white mica, of detrital origin ; and considered that the 
L'oek had the appearance of having been deriA'ed from a tourmaline-bearing granite. 

On a careful examination of tAVO slides of the quartz -schist, Hbe author detected 
X single grain of tourmaline. Six additional slides were forthwith prepared, and 
letrital tourmaline Avas found in them all. One of these slides contains a pellucid 
jrain of quartz with fluid inclusions and active bubbles ; another contains a grain 
crowded with hair-like inclusions and with one fluid inclusion whose bubble is 
?asily moved by the lieat of a wax match. Roth these grains could be easily 
Liiatched in the quartzes of different granites. 

The derivation of the quartz-schist from granites of more than one character, 
buf one of which must ]ia\o been scliorlaceous, seems clearly indicated. 

The above fact.s have two distinct bearings, viz., as to the age of the meta- 
morphic schists of Soiitli Devon, and as to the derivation of the tourmaline. 

The two rocks under consideration, aGz., the quartz-schist and the Devonian 
jandstone, are related to each other in four particulars, insomuch as they contain 
our constituents common to botli, viz., detrital tourmaline, detrital mica, quartz 
)f line grain, and iron. 

It seems difficult to aA’oid the conclusion that such similar rocks must he of 
like age and derivation ; and that as the sandstone is undoubtedl}' DoA'onian, the 
][uartz-scliist, one of the metamorphic schists of South DeA’^on, must be of Devonian 
ige also, and not Arclucan, as has been supposed by some geologists. 

The derivation of the tourmaline is a more difficult question. Whatever may 
1)6 the age of the mass of tlu) Dartmoor granites, those of a schorlaceous character 
icem to be post-Oarboniferous. Moreover, no tourmaline has been noticed in the 

* The views above expressed are those to which the author himself has been led, 
)Ut they have not yet been fully considered and adopted by the Geological Survey. 

® The hand specimen selected for slicing was kindly placed at the author*# 
lisposal by Mr. A. Somervail, of Torquay. 
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granites trawled in the English Channel. There is thus no recognised source of 

S re-Devonian tourmaline in the neighbourhood of South Devon, yet the source of 
erivation of the rocks under discussion could not seemingly be remote, or the 
tourmaline, quartz, and mica could scarcely have kept together. The tourmaline 
granites of Cornwall would meet the case, if any of these are of pre-Devonian age ; 
but on this point the author has no information. 

Besides the tourmaline observed in the rocks at Street Gate and Start Point, 
the author has noticed the same mineral, occurring in the same way, in a sandstone 
from near Tinsey Head in Start Bay, and in a sandstone from near Chnrleton, on 
the Kingsbridge estuary, both of Devonian age. 


SATURDAY, AUGUST 22. 

The following Reports and Papers were read : — 

1. Ueport of the Committee on the Circulation of Underground Waters. 
See Reports, p. 300. 


2. Note on the Discover}/ of Estheria Minuta (var. Brodieana) in the New 
Red Sandstone. Jhj C. E. De Range, F.G.S.f of JLM. Geological 
Survey. 

This minute crustneeun was first discovered by the Rev, P. B. Brodi(‘, F.G.S., 
in the Rhi'ctic, at Wainlode (’hlT, Cloucestersliire, and was named after liiiu by 
I*rofe>30r Rupert J()ne>. It was afterward'S found in a band of fine sandstone 
occurring in the Keiiper marls, at several localities in the Midland counties. Still 
later it was discovered in tlie Letteu Kohl of the Baden 'IVias, wliicli is the lowest 
horizon of the German Ken per. 

In September of last year I discovered a small assemblage of these shells in 
the lowest member of the Cheshire Keuper, -viz. the Lo^^er Keuper building 
stones ; they occurred in a pebble of marl, of a deep purple colour, enclosed in a 
pale yellow sandstone, at Broudhursl’s quarry, Alderley Edge. The majority of the 
specimens are now in the British and Jermyn Street Museums, and they have been 
described by our President, Professor Rupert Jones, in the ‘ Geological Magazine.' 
I have failed to find any more, after the moat careful search. 

It is worthy of note that the oldest-known mammal, MicrolesUft ilfoorc/, Owen, 
occurs in the German Letten Kohl; but in England, wliere it wa.s discovered by 
Mr. Charles Moore in 1838, it is not known below the Rbsetic. The small mammal, 
and the minute crustacean, occurring both above and below the Keuper marls, 
may it not be hoped that the mammal may also be found in England, and support 
the views of the late I'mfessor Forbes, that the beds now called Rheetic are really 
part of the Trias: a ^iew also held by the late Sir I’hilip Egerton, on the 
evidence of tlie fish remain'^. 

3. Report of Ike Cwnmitlee on Geological Fliotographs. 

See Reports, p. 321. 


4. Notes upon Colobodus, a Genus of Mesozoic Fossil Fishes. 

By Montagu Bkowne, F.Z.S., F.G.S. 

Colobodus appears to have been first constituted a genus in tlie year 1837 by 
Louis Agassiz (see 'Poissons Fossiles,* Tome TI., li® partic, p. 237), who gave this 
name to some Legndotus-VA^e teeth (^Colobodus hogardi) from the Muschelkalk, 
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which he described tluis: — 'Par leur taille elles tiennent le milieu entre Jes 
Microdon et les Sphaerodus. Do formes arrondies et cylindrac^es vers la base, les 
dents ont leur coiironne renflde en forme de massiie, et snr le milieu de la couronne 
s’^leve encore un petit mammelon tronqu6, ce qui a vain a ce genre son nom de 
Colohodus' 

Since that time teeth of a similar generic character have been described or 
fibred by various authors, e.g. Count Munster (assuming Akerodon to be identical), 
Plieninger, Giebel, Gervais, Meyer, Chop, E. E. Schmid, Alberti, Eck, Winkler, 
Giirich, W. Dames, and A. S. Woodward. The typical teeth, however — i.e, those 
upon which tlie ' nipple,’ or apical tubercle, is present — must be sought amongst 
the various species of Colohodus and Lepidotus (of Plieninger, 1847) ; whilst inter- 
mediate forms, or those from which the 'nipple’ has been partly or entirely 
removed by wearing or by poat-mortem abrasion, must be sought amongst those 
described under the various species of Lepidotus, SpJuerodus, Gyrodusy ' Tetra- 
gonolepis' (of Winkler, and of Agassiz in part), Tholndiis and TheloduSy Eupleu- 
rodusy Sargodon (not cutting teeth), and even amongst teeth variously attributed 
to Saurichthys and to ‘ ►Saurians,’ whilst the chisel- shaped, or p re-maxillary, teeth 
are probably those attributed to Sargodon tomicus. 

Fragments of the head and trunk and scales of Colohodus have been described 
or figured by II. 11. Geinitz, Meyer and Plieninger, Giebel, Meyer, Quenstedt, Eck, 
Kner, II. Kunisch, W. Dames, J. von Robon, and A. S. SVoodward, and must be 
sought amongst the various species ascribed to Gyrolepis and Amhlypterus, Lepi-- 
dotus, Ileterolepidotus, EugnathuSy Pleurolepis, Dactylolepis, and also amongst 
various Ganoid .scales Ganoidschuppen ’ and ' Fischscluippen ’). 

Up to the present neither the teeth nor the scales of Colohodus have been recog- 
nised as such in Britain by any authors, or, above the Muschelkalk and liettenkohle, 
abroad: its occurrence and recognition, therefore, in the Rhmtic of Britain is 
interesting, and the author exhibited typical and transitional teeth which he found 
and recognised in the Rhsotic 'bone-beds’ of Watchet and Aust Glift'; worn and 
abraded teeth {^Sargodon iomivus^ and * Spheerodus ’ ) from thence and from 
Leicestershiie ; and what are probably the larger cutting teeth from Aust and 
Leicestershire ; also fine characteristic scales and (.^ head-) hones showing vermicu- 
lated sculpture from Aust. All may, for the present, be referred to Colohodus 
onaxhnus (Quenstedt). 

Finally, should Colohodus prove to be identical witli Lepidotus, a further fusion 
of Ileterolepidotus and Eugmtthus will give Colohodus a more extended upward 
range than has hitherto been sux)posed. 


5. Report of the Committee on Earth Tremors . — See Reports, p. 333. 


G. Report of the Committee on the Volcanic Rhcnomena of Vesuvius. 

See Reports, p. 312. 


MONDAY, AUGUST 21. 

The following Papers and Reports were read 

1. The Cause of an Ice Age, By Sir Robert Ball, F.R.S, 

The ordinary statement of the astronomical theory of the Ice Age seems to be 
founded on a passage in Sir J ohn Herschel’s outlines of Astronomy. It is from 
this that Dr. Croll’s theory has been developed. It is the object of this communi- 
cation to point out that by what seems to have been a mathematical mistake on 
the part of Herscbel, a wholly erroneous statement of the matter was presented. 
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Tke error was not perceived ty Croll. He, perhaps not unnaturally, accepted 
HerscheVs authority on such a 'matter, and consequently a thorough revision of 
Croll's calculations and his doctrines based thereon becomes necessary. 

In a work now in the press, bearing the title of this paper, I have endeavoured 
to develop the correct view of the subject, and to rewrite the astronomical theory 
of the Ice Age. I may, however, here remark that the error into which Dr. Croll 
unfortunately fell was very prejudicial to the conclusion he strove to prove. 
Had he been acquainted with the accurate version of the mathematical facts, he 
would have been able to show a much stronger case for the astronomical doctrine 
of the Ice Age than that he actually presented. 

The essential point of the present communication lies in the announcement 
that — 

If 100 represent the total number of heat units recfdved on a hemisphere of 
the earth in a year, then Gd will be the share received during summer, and 37 
during winter. 

A special importance attaches to these figures from the circumstance that they 
are absolutely independent of the eccentricity of the earth’s orbit, or of the position 
of the equinoxes. They do])end solely upon tlie obliquity of the ecliptic, and tliis 
is a magnitude which, so far a.s our present purpose is concerned, maybe regarded 
as constant during geological time. 

The distribution of the heat just stated is the point which 1 now desire to 
emphasise. Herschel stated the numbers to be 50 and 50. If his attention had 
been sufficiently given to the matter, he w'ould have seen that the numbers were 
63 and 37. The correction is an important one. 

It is to be remembered that the units in which we are reckoning express the 
total heat received from the sun. As the sun heat alone preserves the earth 
from sinking to tlie temperature of space, it follows that the sun ht'at really main- 
tains a temperature some hundreds of degrees greater than we Nvould otherwise 
have. A fluctuation in sun heat, which appeared small in comparison with the 
total amount, might involve a vast change in climate. 

Owing to the perturbations of the jdanets, it will occasionally happen that the 
eccentricity of the earth's orbit will become larger tlian it is at prest*iit. It seems 
that the maximum eccentricity is suHicient to produce an inequality between the 
duration of summer and winter amounting to 33 days. We have, therefore, the 
following possible conditions in either northern or southern hemisphere; — 

Summer .... 100 days. Summer .... IGO days. 

Winter .... 1(30 day Winter .... 100 days. 

In each case it must bo borne in mind that 63 heat-units arrive in summer 
and 37 in winter. If the summer ho tlie long one and the winter be short, then 
the allotment of heat between the two seasons is fairly adjusted. The 03 units 
are distributed over the 190 days, and the 37 units over 106 days, and a milder 
climate than our present one results. This is the genial inter-glacial state for that 
hemisphere. If, however, a torrent of heat represented by 03 units is received 
during a brief summer of 160 day.s, while the balance of 37 units is made to 
stretch itself over 199 days, then a brief and intensely hot summer is followed by 
^ very long and cold winter. As this condition lasts for many centuries it seems 
sufficient to produce a glacial epoch. 

I have only to add that on this view there must have been not only one hut 
several Glacial epochs throughout geological time, hut they doubt le.ss occurred at 
very irregular intervals, and with wide differences in sev'erity. It is, however, 
noteworthy that the theory requires that when the northern hemisphere is glaciated 
the southern hemisphere shall be in a genial state, and vice verm. It is also to 
be observed that so long as the high eccentricity of the earth’s orbit is maintained 
the procession of the equinoxes will cause the glaciation to shift from one hemi- 
sphere to another in a period of 10,600 (ten thousand five hundred) years. I do 
Bot mean that this will always be the interval, but it does seem probable that 
there may be clusters of two, three, or more ice ages, the individual members of 
which are so divided. Dach cluster is separated from the next by a vast period 
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of hundreds of thousands of 3'ears. There is no means, so far as I at present 
know, of indicating the law of recurrence of ice ages with any further accuracy of 
detail. 

I would also like to say that while I have here striven to enunciate with 
precision the astronomical aspect of the problem, I am profoundly conscious of 
the many geological agents which may contribute to modify the effects of which 
I am treating. 


2, Report of the ComniUfee on Erratic Blochs , — Seo Reports, p. 276. 


3. Notes on the Glacial Geology of Norway. By H. W. Cuosskey, LL.B.f 

F.G.S. 

Attention was called to a jiassage in the standard work on ^Norway and its 
Glaciers ’ by Forbes, p. 24, in which it is stated that the}’ are questionable traces of 
glaciers on the Dovre-fjeld, and that nothing decisive of their action, either by 
wearing and polishing the rocks where they come into view or in the deposition 
of glaciers, could he seen. ' Nor are the mounds of stone (it is added), which are 
abundant enough, sufiiciently characteristic to deserve the appellation of moraines. 
They are indeed sometimes disposed in flat-topped ridges; hut this is due, if I 
mistake not, to the eroding action of torrents, which have gradually undermined 
them, leaving abrupt talus, which at first resemble moraines, but in their present 
form it is diflieult or impossible to identify them.’ 

Since the time of Forbes the deposits of the Glacial epoch have been studied in 
greater detail, and it is now possible to assign to their proper places and causes 
many deposits which it has previously been regarded as impossible to identify. 
The description given of the Dovre-fjeld needs many corrections and additions. 
The plateau is hidden to a considerable extent by a rough layer of stony material, 
but wherever the basement rock is exposed glaciation may be found. The mounds 
that are alluded to by Forb(*s are reflated to the action of ice among the mountains 
which bound the Dovre-fjeld. The glaciers in the valleys of those mountains 
descended over the Dovre-fjeld, and accumulated their moraines upon it, and 
the mounds are the relics of lateral glaciers. As the snows melted, torrents 
of water were poured down from the surrounding mountains over the Dovre- 
fjeld, larger lakes than those now existing were formed within any hollows and 
within the boundaries of morainic dams. 

As the climate ameliorated the snows lessened, and the torrents of water were 
less excessive ; hut streams and rivers abounded, connecting the diminished lakes, 
Dwing to these processes, the moraines were swept awa^' to a largo extent, only 
small mounds being left, and their material was distributed over tlie surface of 
the plateau. Angular blocks were rounded, and glaciated surfaces buried beneath 
tile debris. 

In the deposits of the Dovre-fjeld there is thus every proof — (1) of a period of 
extreme glaciation ; (2) of the existence of glaciers descending from lateral valleys 
in the surrounding mountains ; (3) of the gradual disappearance of these glaciers 
and the washing of their moraines over the general surface of the fjeld. 

Not a few erratic ice-worn blocks also occur, although in many cases they 
have been water-worn during the course of the history described. 


I. Recent Discoveries concerning the Relation of the Glacial Reriod in North 
America to the Antiquity of Man, By Professor G. Frederick 
Wright, F.O.SA., LL.D., Oberlin, Ohio, U.S.A. 

Palaeolithic implements of the typo of those found in the high-level gravel of 
the Valley of the Somme, and of various streams of Southern England, have now 
t)een. found in similar gra vel deposits in no less than aoven different places in the 
CJnited States — namely at Trenton, New Jersey", by Dr. C. C. Abbott ; at 
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Claymont, Delaware, by Dr. II, T. Cresson ; at Newcomerstown, Ohio, by IVlr. 
W, C. Mills ; at Loveland and Madisonville, Ohio, by Dr. M. C. Metz ; at Medora^ 
Indiana, by Dr. Cresson ; and at Little Falls, Minnesota, by Miss Babbitt. The 
determination of the age of these implements requires a general study of the Glacial 
phenomena of the continent. 

Through the combined labours of many observers, the southern boundary of 
the glaciated region has been carefully traced across the continent, and found to 
run m an irregular courc«e from the vicinity of New York City, south-westward 
through Cincinnati in Ohio, to ( 'arbondale, about latitude 38°, in southern Illinois. 
Thence it bears north-westward, following approximately the course of the Mis- 
souri River, and entering Canada a hundr^ miles or more east of the Rocky 
Mountains. The centre of radiation for this portion of the ice-field was in the 
vicinity of the south-east of Hudson Bay, and this portion has been named tho 
Laurentide glacier. From that centre the ice mo\ement was west and north, as 
well as east and south. 

Whether the Laurentide glacier became confluent on the west with the 
Cordilleran glacier, which occupied the vast region in British (Columbia west of 
the Rocky Mountains, is still in dispute. But it is certain that the ice from that 
centre, as W'ell as in the mountains of southern Alaska, moved outward in all 
directions. The glaciation of the Rocky Mountains, and of the Cascade Range 
south of the Canadian boundary, was comparatively slight. 

The distribution of ice during the Glacial period iu North America bears 
strongly against all theories which attribute the phenomima to cosmical causes. 
There was not a Polar ice-cap, but an accumulation about centres mainly south of 
the Arctic Circle. While there is accumulating evidence pointing to an extensive 
elevation of the glaciated areas during the latter part of the Tertiary period, and 
of a subsidence at the sarae time of the Isthmus of Panama. The valleys occupied 
by the great lakes were probably mainly formed by erosion during that period 
of elevation, the old line'^ of drainage ha\ing been clost'd up by the (I(‘bris of the 
Glacial period. This is clearly the case witli Lake Frie, and, to a large extent, 
maybe the case with the other lakes. There are positi\e signs of such old 
channels, now buried, leading to the Mississippi from Lake Michigan, and to the 
Hudson from Lake Ontario. 

The Pala?olithic implements discovered in North America are from the terraces 
of streams flowing outward from the glaciated region — namely, the Delaware, on 
the Atlantic coast, the Tuscarawas, the Little Miami, and the White, in the 
Valley of the Ohio, and tlie Ujiper Mississippi. Similar terraces are universal 
along the streams flowing out of tlie glaciated region, and are composed mainly of 
material which was first transported fiom the distant north by Glacial ice. They 
are doubtless the deposits occurring during the floods which characterised the 
closing portion of the Glacial period. Associated wdth the^e implements are the 
bones oi the mammoth and some other animals, now either wholly extinct, or 
extinct in that region. In New Jersey the bones of several Arctic species have 
been found. 

The approximate date of these closing scenes of the Glacial period seems pretty 
clearly to be indicated by the recession of the Falls of Niagara and of St. Anthony, 
where the conditions are uniform, and the length of the gorges, as well as the rate 
of recession, known. In both cases the length is a little over seven miles, and the 
rate has been ascertained to he between .3 feet and 6 feet per year. The streams 
cannot have been at their work of erosion in those channels much more than 
10,000 years. A similar result is obtained independently from calculations 
respecting the enlargement of post-Glacial valleys, the erosion of the banks of 
IjaKe Michigan, and the post-Glacial silting-up of many small lakes. But bow 
much earlier than this man’s advent on the continent may have occurred it is not 
80 easy to determine. 

The extent of post-Glacial .subsidence is much disputed, and ba.s important 
bearinirs on the question of the continuity of Glacial roan with the races now 
occupying the continent. Tlie po.st-Qlacial subsidence, of which there seems to be 
sufficient evidence, amounts only to about 600 feet in the lower axis of the 
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Mississippi Valley, to 2o0 feet on the coast of Maine, and to 600 feet at Montreal 
ind in the valley of the Ottawa River. 

The question of a succession of Glacial epochs has narrowed itself down in 
A.merica to tlie question whether or not there have been two epochs, or one epoch, 
with minor halts in the recession of the ice. So far as ray own observation goes, 
[ind it has been extensive, the complete separation between the epochs does not 
jeem to be proved. Tlie forest beds are all pretty well towards the southern part 
3f the area, and are many of them probably pre-Glacial, while others are of such a 
nature that they might have accumulated m a comparatively brief episode of oscilla- 
tion of the ice front. The terminal moraine of what is called the Second Glacial 
jpoch, whicli stretches witli a good degree of continuity from the Atlantic to the 
Mississippi, may well enough be regarded as a moraine of retrocession, of which there 
ire numerous other instances, on a smaller scale, both north and south of this. 


5. Oti the EvyJences of Glacial Action in PeinbroJcesliire^ and the Direction oj 
Ice-jlow. lij Henri* Hicks, J/.H., F.li.S.y Sec. GeoL Sac. 

The occiirrerico of ice-scratched roclcs and of northern erratics in north-west 
Pembrokesliire has already been mentioned by the author, but in tliis paper he 
Drings forward much additional e^idence to show that, during the glacial period, a 
^reat thickness of land-ice must have passed over Pembrokesliire. 

The glacial strife which are so well preserved under the drift along the north- 
west coast, especially at AVhitesand Bay, show that the ice travelled over tliat area 
naiiily from a north-western direction. The presence of erratics from North 
Wales and from Ireland would tend to the conclusion that glaciers from these 
ireas coalesced in St. George’s Channel, and that the ice which overspread Pern- 
Drokeshire was derived from both of these sources, as well, probably, as from a flow 
3 xtending down the channel from more northern areas. Although thei'e are in the 
iistrict many northern erratics, notably a large boulder of gmnite and another of 
picrite, which the author found on Porthlisky farm, two miles south-west of St. 
I)avid’8,yet by far the majority are of local origin and can betraced back to the parent 
:*ocks. The great igneous masses which now form such conspicuous hills along the 
lorth coast } ielded most of the Iwulders, many of very large size, which are so 
freely spread over the undulating land reaching to the coast of St. Bride’s Bay. 
riiere are clear evidences to show that this bay was itself overspread by a great 
hickiiess of drift from these hills. The intervening pre-glacial a alleys were also 
illed by this drift, and the plains and rising grounds up to heights of between 
300 and 400 feet still retain evidences of its former presence, and many perched 
blocks. Kxcellent sections of unstratified drift, containing large ice-scratched 
boulders, are exposed in Wliitesand Bay, and a thickness of several feet of an 
irregularly stratified sand was, some time since, exposed under the boulder clay on 
he east side of the bay. Chalk flints have been found at heights of over SOO feet, 
probably having been brought from Ireland. The jiicrite boulder already referred 
to has been shown by Professor Bonney to resemble masses of that rock exposed in 
LJarnarvonshire and Anglesea, and the granite boulder, which before it was broken 
must have been over 7 feet in length and 3 to 4 feet in thickness, is identical with 
a porphyritic granite exposed in Anglesea, but not found anywhere in Pembroke- 
hire. The evidences, therefore, whicli go to prove that Pembrokeshire was buried 
under an ice-sheet that must have spread southwards into the Bristol Channel, 
ire, the prcijonce of many northern erratics, both as perched blocks and in drifts at 
leights above 300 feet, ice-scratched, smoothed and polished rock surfaces, and, in 
places, much crushing and bending of some of the strata ; also great dispersions of 
ioulders from igneous rocks on the north coast in a south-west direction, and som^ 
veil-marked examples of * crag and tail.’ 
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6. Note on Boulders at Barley, near MatlocJc, BerhysJdre, 

By Herbert Bolton, Assistant Keeper ^ Manchester Museum. 

During the excavation for a small lake close to the Midland Railway Station 
at Barley, near Matlock, a cluster of fifteen boulders was exposed, the size of 
several being sufficient to justify an examination. The size of the largest boulder 
■was 10 feet x 6 feet x G feet. 

The boulders lay in a bed of boulder clay AV'bicli bad a thickness of nine 
feet. 

The upper part of the clay was of a strong yellow colour and very stiff. Below, 
the colour varied from yellow to brown and red, and pockets of sand were com- 
mon. 

Only two boulders were well rounded, the rest being sub-angular on their upper 
half, and fairly angular on the lower. 

All the boulders consist of gritstone identical in character with the Chatsworth 
grit of the adjoining hills. 

No striatioiis occur on the boulders, but this may be due to the original surface 
having crumbled away. 

A series of parallel and shallow grooves occurs on the side of the largest boulders, 
and a deep hollow has been scooped out of its southern face. 

The major axis of the undisturbed boulders was approximately north and 
south, the general direction for the cluster being 8° west of north. 

The blocks were arranged in the order of their weight in a north to south 
direction. 

The clay was found to rest upon a deposit of the nature of river gravel. 

The writer is of opinion that the clay is redistributed boulder clay brought 
down from the adjoining heights, and that the boulders were brought down at the 
^lame time from the line of outcrop of the grit. 

He is led to this conclusion by the local character of the boulders, the almost 
total absence of foreigners, and the character of the clay. 

The red and brown colour of the latter at its base seems to show that oxidation 
of the contained iron has proceeded for a longer time tlian in the case of the upper- 
most clay. 

This would be expected if the clay was redistributed, for tlie basement mass of 
clay must have been the superticial clay of the heights. 

The enclosed sand would also indicate the complete disintegration of boulders 
of gritstone, &c., whilst the clay was in its primarj' position. 

The amount of disint(*gration which ha.s taken place since redistribution is 
marked by the crumbling surface of the large boulders. 

The general direction of the boulders may be explained by noting that the 
river flows from north to south. 


7. Notes of a Section of Drift at Levenshulmc, Manchester . 

By Percy F. Kendall, F.G.S. 

In the construction of a new railway between Cliorlton-cura-IIardy and 
Fairfield a good opportunity was afl'orded of studying the effects of land-ice. 
The part of the cuttings particularly observed was that extending from Fallow- 
field almost to the L. and N.-W. Railway at Levenshulme, in a line almost 
accurately from west to east. 

Throughout the whole distance the solid geology was displayed with a 
covering of boulder clay. The rocks consisted in descending sequence (and from 
west to east) of triassic pebble beds (fault), Permian marl, Permian sandstone, 
and upper coal measures containing several beds of Aid wick limestone (see 
* Brockbank and Be Ranee, Mem. Manch. Lit. and Ifliil. Soc.,' 4th Series, 
Vol. iv.). The triassic rocks when soft were much mangled and crushed at their 
contact with the drift ; but in places, nearly horizontal intrusions of boulder clay 
were interposed between the bedding. These intrusions alwa^'S entered from the 
west. 
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At one point the triassic beds rose to within about 2 feet of the top of the 
tting, the ground being nearly level. 

At the fault blocks of triassic rocks were dragged over on to the Permian 
iris. The marls were greatly mangled, and some erratics of large size 
idesites, &;c.) were involved in their mass. At the base of the marls a coarse 
i of hard breccia occurred and its surface was striated from N. 65° W. It was 
served that this surface was about 16 feet lower than the triassic sandstone, and 
erefore the striae could not have been produced by floating ice, for ice which 
lid clear the ridge to the westward could not ground at a lower level. 

The bands of Ardwick limestone had been much ice-worn, and from each 
tcrop a long train of boulders stretched away to eastward. 

A large boulder of coal measure sandstone (not local) lay embedded in the 
se of the boulder-clay, and having lodged against its eastern end a large mass 
Ardwick limestone derived from an outcroi) to the westward. The upper 
rface of tlie sandstone boulder was .scratched from N. 60° W. This stone had 
jbably been dragged by land-ice across the limestone, and had torn off a mass 
lich in a transit of 60 yards brought it to a stand, tearing it out of the ice which 
)ved on and glaciated the upper surface of the boulder. Fragments of each 
mation were carried to eastward of the parent mass, but never to westwards, 
veral large erratics were observed and, with one exception, all had their long 
es in approximately tlie same direction, viz. — a few degrees north of west, 
le exceptional direction was about N. 20° \V. 

The author is of opinion that the agreement between the direction of — (1) the 
ulder-transportal ; (2) the intrusions of boulder-clay ; (3) the orientation of 
ge boulders ; and (4) of ice-scratches upon rock-surface and the upper surfaces 
boulders, constitutes proof of the action of land, and not floating, ice. 


The Lava Leds of California and Idalio^ and their Relation to the An- 
tiquity of Man. Ihj Profe.ssor Gl. Fuedkiuck Weight, LL.D.y 
F.G.tS.A.y OberliUy Ohio, (J.S.A. 

A brief account was given of the extent of the basaltic beds on tho Pacific 
ast, and evidence was presented in proof that they Avere in the main of post- 
tiary age. 

New evidence, colh'cted by Professor Wright and by Mr. Geo. F. Becker, 
IS presented confirmatoiT of the genuineness of tlie Calaveras .skull and other 
man remains reported upon by Professor Whitney as from under the lava flow 
Table Mountain, near Sonora, California. Evidence was also presented of the 
■covery of a .small clay image under the western edge of the lava plains of 
iho, at Nampa. Tlu'se lava outbursts are correlated witli the Glacial period in 
‘ eastern part of the continent. 


0. Report of the Committee on Excavations at Oldbury Hill. 
See Reports, p. 353. 


10. Treliminnry Notes on the Excavations at Oldbury Hill. 

By JosEi’ii Prestwicii, D.G.L., F.B.S. 

No rock-shelters like those in Central France have yet been discovered in this 
intry. In France they occur in a cretaceous di.strict, where tho strata weather 
jqually, so that projecting ledges of rock are left over recesses worn out by 
ural agencies, and adapted by palaeolithic man for his rude dwelling-places, 
rge numbers of flint and other implements, mixed Avith the debris of animals on 
ich he fed, afford proofs of his habitation. Sites presenting somewhat similar 
iptahilities occur on Oldbury Hill, near Ightham, in Kent. This hill rises 
)ve the level of the surrounding Lower Greensand to the height of 600 feet, 
1 ia capped by some of the hard siliceous grits of the Folkestone beds, which 
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form a flat top to it, 137 acres in extent. Its isolation and commanding position 
caused it to be chosen for the site of an encampment, tirst by the Britons and 
subsequently by the Romans. For the same reasons, it had attracted at an earlier 
date paleolithic man to the district, and he left a considerable number of his flint 
implements scattered around and on the slopes of the bill. This led Mr. Harrison 
and myself to suppose that the capping of rock, which was underlaid by loose 
friable sands, and overhung in places, might lia\e aflorded facilities lor rock 
shelters; and for the purpose of inquiry Mr. Harrison undertook to direct the 
necessary search, aided by a grant from tlie British Association. The summit 
of the hill and much of the slopes are, however, so thickly wooded that it 
was with difficulty that a proper site could be fixed upon. The one that seemed 
to us and others most likely was on the north-east side of the lull, where a largo 
mass of rock formed a low cliff with a small cavity lx3neath it. Excavations were 
accordingly commenced here, but the fallen blocks and the large roots of the 
adjacent trees so interfered with the work that, after digging to the depth of 2 to 
3 feet without making any discovery, the spot had to be abandoned. It next 
occurred to Mr. Harrison that the talus, which extended for some distance on the 
slope in front of this ledge of rocks, might have carried with it some of the inhabited 
ground, or might have covered some of the original sites. He therefore proceeded 
to dig lower ilown the lull where the ground was undisturbed and free from large 
trees. 

Here he was successful in finding, at a depth of about 3 feet, a considerable 
number of flint implements and a large quantity of chips and tlakes, which look as 
though the implements had been made on the spot. 

Thei’e is little to distinguish these im])lements from the ordinary valley- 
implements that aie so common in the Tglitham di>trict, except that, on the whole, 
they are more carefully tinislied and of fewer forms. TJie prevailing forms at 
Oldbury are the small pointed lance-shaped implements workrd on both sides, and 
the thin, neatly-worked, long, triangular, spear-shaped, of which there are some 
highly finished specimens. These are forms which occur at Le Moustier, as do 
likewi.se some of the ruder Oldbury forms. As also at Le Moustier, there is an 
absence so far of bone implements, so common in the other Dordogne shelters. 
Again, at Oldbury the more ordinary valley-types are wanting; and so also are 
rolled and worn specimens so frequent in other localities. The explorations, 
however, have been at present on too limited a scale to allow of any general 
conclusions being drawn. But as there are ''till other spots at Oldbury which are 
likely to have been u.'^ed for rock-shelters, it is to be hoped that the work may be 
continued, and further information obtained. Mr. Harrison’s Report, which give.s 
the result of tlie work up to the present time, is both satisfactory and encouraging. 


11. liepori of the Committee on ElhoJtoa Gave^ near Slcipton. 
See Reports, p. 3ol. 


TUESDAY, AUGIS'J 2.1. 

The following Papers and Report were read : 

1. On the Occurrence of Pachytheca and a Species of Nemaiophycus in the 
Silurian Beds at Tymawr Quarry, Eumney. By J. StorRIE. 

For a long number of years I have been interested in the fossils known by these 
names, and for that purpose have collected and sectioned wherever practical all 
specimens likely to show structure, and the collection now submitted are the results. 

In the Silurian beds exposed near Cardiff, which are over 900 feet in thickness, 
I have found Pachytheca in nearly every individual bed, from the very top of the 
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Ludlow to the bottom of the Wenlock series, and although Nematophycus has not 
occurred in so man^ beds or has eacj^ed my notice, it has exactly the same range, 
as I have found it in the top of the Ludlow and at the base of the Wenlock and in 
a considerable number of intermediate beds ; still it is only in two beds in Tymawr 
Quarry that I hiive found the two species in question preserved in a state which 
allowed of transparent sections being made. The lowest bed is a muddy sandstone, 
full of Rhynchonella Stricklandi^ and the other being a thin parting on the top of 
the Ctenodorita sandstone of Sollaa, and about 10 feet above the Kumney grit. 
The specimens from the last bed being much superior to the lower one, I will only 
deal with it. 

This bed is only from 1 to 2 inches in thickness, and contains large numbers 
of Discina ruyata^ of Linyula two species and a large Orbtcula with casts of 
branching Zoophytes of a species not known to me ; it is wholly of a marine 
character, and at a point west-south-west becomes of a concretionary character, 
every little nodule of which when broken open shows a fragment, or a whole, 
Lingula^ Discinay Omul aria y or other shell ; tlie whole bed is highly impregnated 
with iron, which rapidly oxidises when broken and exposed to the atmosphere, 
and the difliculty is to understand how perhaps the most mineralised bed of the 
section should contain the best preserved specimens of these organisms. 

When preserved in mudstone the Pachytheca and Nematophycus do not display 
any minute structure, the form and general appearance being the only points to 
be recognised. 

When preserved in limestone the carbonaceous character is most readily 
noticed, but the microscopic details are not very perfect ; its resemblance to fragments 
of drift-wood i> very striking to the naked eye or when a hand lens is used. 

Wlien preserved in concretionary nodules the outer wall is usually perfect, but 
the cellular stiucture of the interior is reduced to a pocket of carbonate of lime or 
oxi<le of iron. 

'riier(‘ are undeubtedly two totally distinct organisms known at present as 
Varhytkera sphant a , one of which is a perfectly spherical body, variable in size 
like tile Vachyfhfca and like it consi.sfing of a more compact outer layer and a less 
'^lense centre, but, lutwever thin this is cut, it never contains any internal structure, 
showing only a chitinous-likt‘ appearance, with sometimes a fungoiis-hke growth 
on the exterioi*; tlii'', I think, is no doubt the egg of a crustacean, more especially 
MS Ptcrof/olus lia> been found in this quarry and in a section of the same beds. 
>\‘sterday, a niembm* picked up a specimen which may likely turn out to be a 
fragment of S/inionia. 

Pachytheca may be described as a thick -walled globular rind of tubular 
tissue, with small iiitertubular spaces enclosing a small eavit}' of much looser 
and more branched tissue, coral-like in appearance, which is in continuous struc- 
tural conneition with the radiating thick-walled, slightly branched and rather 
(lensely packed tubes of the exterior, the intertubiilar spaces in the exterior portion, 
as seen in transverse section, being small in comparison willi the iiitertubular 
spaces found in Ncmatnjihycufi. I have examined large numbers of Pachytheca to 
see whether any hiliim or point of attachment was present, and have never seen 
any indication either on the external wall or in the internal structure of any such 
MS might he rea-'Ornibly expected to show some differentiation, were there any 
ground for helie\iiig tliat it was either a fruit of a conifer, or the conceptacle or 
even one of the floats of a seaweed like saryaasmn or fucus. 

Nematophycus occurs principally in small fragments, Avaterworn and irregular 
in shape and inner over aii inch in length, and in onl/ one specimen liavo I found 
any appearance of branching ; in this case it was a small stem from the Biscina 
IxMi about {-inch in diameter, rather oval in section and with one branch of barely 
^-inch diameter and a j-inch long, which was again forked at the extremity, the 
bcanchlets being about ^^^-incli in length and nearly the same in thickness. The 
ti.ssue of the outer part of the stem was slightly differentiated from the interior, 
but essentially the structure was the same, and the apparent diflerence may have 
been more dependent on the different degree of oxidisation of the iron in the 
weatheiiug of the fossil than any bark-like difference of structure. 
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This good piece had no external symmetrical markings visible to th^ naked 
eye, but there are two small depressions similar to the scar of a dicotyledon at 
the articulation of a branch and slight indications of a coleorrhiza, as shown 
in the section exhibited, and this shows the tissue departing from its normally 
perpendicular position, and becoming more horizontal as it nears the depression, 
and bending round and running straight towards the scar ; this would indicate 
that a branch liad died off and that the stem increased in size after the death of 
the branch. 

One peculiar thing about the woody tubes is that they are frequently pene- 
trated by the mycelium of a fungoid growth, and in .some cases the resting spore 
of from twenty to tliirty cells is fully formed and appears exactly like a minute 
blackberry in the interior of the woody tuhe.s. 

The structure of Nemnfophycits may be described as a mass of endles.s tubes as 
far as can be seen in our local specimens, and each individual tube when examined 
with the power seems to be composed of a very delicate wickerwork of inter- 
laced fihrillre with polygonal interspaces and bearing no resemblance to the 
structure of any coniferous wood, sections of several hundreds of which I have 
cut and examined from the local beds, at Pwllypant, Cae^hilly, &c. 

The structure of the stem of Nematopkycus is generically, if not specifically, 
identical with that described by Mr. Oarruthers from the Canadian Devonian 
series as Xejnatophycus Ijoyaniy except tliat the main tubes are only of about half 
the size, and the secondary series of tubes, so well seen in tlie American specimen.^, 
is very much loss prominent in our local specimens, and the coniferous glandular 
markings of Dawson are .seen to be the resting spores of the fungus before mentioned. 

The Nematophycus found at Rumney diilers also from the (^inadian specimens, 
in that they show no trace of the concentric rings or tlie true or apparent 
medullary rays referred to by Dawson. 

One curious circumstance is that both Nematophyni'i and Pachytheca are pre- 
served without any appearance of flattening in beds in which the pressure has 
crushed flat and distorted greatly such Arm and solid .shells as Discina ruyatuj 
Rhynchonella Stricklandi, and Conularia^ which would show that if they were of 
an algas-like nature tliey must have had a power daring their life of secreting 
mineral matter like certain algffi in Devonport JIarbour. 

2. Beport of the Committoe on the Line of Nvi thampto'oehlrG. 

See Reports, p. 334. 


3. The Mastodon and Mammoth in Ontario^ Canada, 

By Prof. J. Hotes Panton, M.A., F.G.S. 

The writer in this paper gives a coinjdcte description of the remains of a 
mastodon discovered (1890) in a marl- bed near Ilighgati', in tlie Provini*e of 
Ontario, Canada, and also the remains of a mammoth found under similar conditions 
near Shelburne in the same Province (1 889 ). 

Both specimens were di.scovered by John Jelly, E.sq., of Shelburne. The 
following measurements are given for comparison : — 


Longest rib 


Jumbo 

. 44 inches . 

Newburg 
Mastodon > 

. 513 

High gate 

Mai^todon 
. 66’ 

Humerus . 

. , 

. 36 . 

. 30 . 

. 40 

Radius 

, , 


. 29 . 

. 34 

Femur 


. 42 ” ! 

. .39 . 

. 47i 

Tibia 



. 28 . 

. 29 

Tusk . 

. 

• — »f • 

. 104 . 

. 92 not completi 

Third spinous process 

. 15 „ . 

. 2 ^ 

. 231 


’ The Newbnrg mastodon is one of the finest ever discovered in America. The 
'bones are in a most excellent state of preservation, and sufficient have been obtained 
to enable the skeleton to be set up. 
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The bones obtained of the mammoth are not bo numerous, the chief being thirty- 
one ribs, one 50 inches in length and 11 in circumference ; several vertebrae, some 
14^ inches across ; a massive tusk 12f feet with a portion broken off ; and a tooth 
weighing 16j lbs. The writer also refers to remains of Proboscoidea found at other 
points in Ontario, viz., St. Catharine’s, Dimnville, Goat Island, Niagara Falls, and 
Kimbal, near the western side of the province. 


4. Note on the occurrence of Ammonites jurensis rti the Ironstone of the 

Northampton Sands^ in the neighbourhood of Northampton. By E. T. 
Newton, F.G.S., F.Z.S. 

This paper records the discovery, by Mr. Tliomas Jesson, of Ammonites jurensis 
in the ironstone of the Northampton Sands at Brixworth, near Northampton. A 
considerable number of fossils were collected, most of wdiich were referable to 
A^n. jurensis and Am. opaHnus\ but with these were also found Ayn. insiynis, A^n. 
MurchisoncCj Nautilus^ Belemnitesj Trigonia compta^ Trigonia V. scripta^ and 
Tancredia. 


5. On certain Ammonite- zones of Dorset and Somerset. 

By S. S. JlucKMAN, F.O.S., Hon. Memh. Yorks. Phil. Soc. 

The lower part of the Murchisonce-zooe is often intimately connected with the 
upper part of the 0/w//r??/?n-zone;but, a little higher, there is a horizon characterised 
by numerous specimens of ludwigia Murchisonce. The fauna of this horizon corre- 
sponds to the MnrchisoTKn-'LQwe of Oppel, and to the Brauner Jura jS of Qnenstedt. 
Above the Murchisimee-zowe a considerable break in the sequence of strata is 
frequently met with. In the neighbourhood of Bradford Abbas, however, is 
found, superior to the Murchisonce-zowey a horizon marked by a very peculiar 
fauna, in which Lioceras concavuni and species of the genus Soniimia predominate. 
Taken in a general sense the fauna of this zone {Concavum-zone) does not agree 
with that of Queiistedt’a Brauner Jura $ or y, or with that of the Soicerhyi-zovLey 
as illustrated by Waagen, Douvilld, &c. Further, the Sonniniee of the Concavum- 
zone are, biologically, of an earlier type than those of the Soicerhyi-zone. 

Continental authors find a marked stratigraphical and palaeontological break 
between the Murchisonet- and Sotcerbyi-7.ones ; and they wish to draw, at this point, 
a dividing line between Lias and Oolite, or between Toarcian and Bajociaii. It is 
suggested that the absence of the Concavum-zowe is the cause of this break ; and, in 
former papers to the Geological Society, the author, in supporting the Continental 
plan, regarded the Concaimn-zone) as Toarcian. 

lu the Bradford Abbas district there is a break above the Concavmn-zone. So 
far as is known at present, Dundry is the only locality showing a complete sequence ; 
but some years ago a quarry — Coombe, near Sherborne — was open, and it yielded 
a large series of Ammonites indicating a fauna agreeing with the Soicerbyi-zonef as 
illustrated by Continental authors. This quany lias been closed for years; and 
nothing is known os to how the strata are situated with regard to the Concavum-* 
zone below, or with superior horizons. It is richer than Bundry, and is, practically 
speaking, unique among Inferior-Oolite exposures. It is the only locality in England 
which yields this particular fauna. So far as is known, the true Sotverbyi-zone> is 
absent from all quarries in Dorset and Somerset, with the exception of Coombe and 
Dundry ; and, therefore, tlie majority of exposures in the district fully support the 
Continental geologists in their contention as regaids a dividing line. 

Waagen places a zone of Am. Satizei above the Sorrerby {-zone ; and a horizon 
with tills species and with a particular fauna is shown in ‘ the marl with green grains ’ 
at Frogden quarry, near Sherborne. 

Above this is the zone of Am. Humphriesianus, in which Sfephanoceras and 
jSjpAcerocaras predominate. This is the equivalent of the Coroncden-schichten of 
Quenstedt’s Brauner Jura 5. The upper part of the Brauner Jura S is the Bifur- 
caten-schichten ; and this corresponds with the Cadomensis-h^^s of Frogden — a 
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.rizon which, containing a fauna distinct from the Jlumphriesianus-ione, may 
nerefore be known as the Cadomensis-zone. 

The strata above this horizon have usually been called ‘ Parkm807ii-zone* There 
are several objections to this name ; and the strata are capable of more subdivision. 

The bed at Halfway House, which yields the large Parkinsomre, is superior to 
the Cadomeiisis-zone. It may be called the Tt‘iiellii~zom. At the top of tne lime- 
stone of the Broad- Windsor district and species of Mof’phoceras are 

found: and this is a still higher horizon (Ziff zap-zone). Just below the Fullers* 
Earth of this same district, in the Fullers’ Earth itself of Eype, but in the upper 
white limestones (about 25 feet thick) of the Brad ford- Abbas district, are found 
Oppelia fusca and other species indicating a still higher horizon. It is suggested 
that the Avliite limestone of the Bradford- Abbas district is contemporaneous with 
the so-called ‘ Fullers’ Earth clay ’ of Eype. This horizon may be called the zone 
of Oppelia fusca; and whether this zone belongs to the Inferior Oolite or to the 
Fullers’ Earth depends on whether the observer be regarding the limestones of the 
Bradford-Abbas district or the clay of Eype cliff. 

Several Continental geologists, however, commence the Bathonian with the 
Cadom mm -zone. To this idea the presence of Parkinsonice and other facts give 
considerable support. 


6. Notes on the Polyzoa (Bryozoa) of the Zones of the Upper Chalk, 

Ihj George RonERr Vine. 

In the vear 1807, in a paper on- the Lincolnshire Wolds, ^ Professor Judd 
remarked that * the time has not yet come for separating the great mass of the 
clialk-formation in this country into zimes characterised hy their peculiar 
assemblages of organic life. Indeed, vsuch a task has not yet been accoinjdished in 
the case of the best-explored districts of the clialk, except in a very imperfect 
manner.’ Since tiiese sentences were written the task has been attempted, and to 
some extent accomplished, hut much still remains to be done hy specialists. 
The present paper, however, deals with the polyzoa onlv, and with tliose of the 
Upper Chalk particularly. 

In 1870, jlr. C. E\ans’ gave a section of the SiiiTey Hills from Croydon, 
through tlie North Downs to Oxted, in which ho shows the following succession 
for the Upper Chalk : — 

X C/kono vfith. Micra^dc r‘Cor~anff HI nnm . . . I’m ley beds. 

*2^ j „ „ ,, „ testadinnrunii . . . Kiddlosdowii beds. 

« ( „ „ llolaster phinvs Kenley beds. 


In 1875, Dr. Charles Barrois, in his ‘ Ceology of tlie Isle of Wight,’ established 
four pah'eontological division.s of the Upper Chalk, based on tlie stratigraphical 
divisions of Bristow, Ibbetson, and Whitaker: — 

Feet. 


Zone with lielemnitclla miicronafa 2(15 

„ „ Micrastcr-cor-anguirnnu ....... 525 

,, „ ,, cor-trstudinarium . . , . . .1(15 

„ „ llolaster plaiuis ...... . G5 


In the neighbourhood of Margate we have, according to Whitaker and others, 
the following : — 

Zone of Micrasier-cor-angvimim ..... Margate, 

„ ,, cor -te stud mar ium .... Ramsgate, &c. 

„ Ilolagter planus . . . . . . .St. Margaret. 

in Buckinghamshire and Cambridgeshire only the base of the Upper Chalk is 
represented; — 

Zone of Micraster-cor-horh .... Upper Chalk with flints. 


* Quart. Journ. Geol. Soc. vol. xxiii. p, 235. 


Proc, Geol. Assoc, for 1870. 
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"Whilst in Yorkshire the following zonal divisions are recognised by Professor 
Prostwich : — 




Zone of Beleninitella miccronata 

„ Marsupitcg (tcstudinariusi) and sponges 

„ Micraster-cor-anguiuuni . 


j Chalk without flints. 
. Chalk with flints. 


* The typical white chalk/ says Professor Prestwich/ ^extends from England 
through the North of France, South Belgium, East Holland, Westphalia, 
Hanover, Denmark, South Sweden, the coast of Pomerania, Poland, Silesia, 
Kussia; then in one direction to the Crimea, and in the other, with intervals, to 
the south of the Ural Mountains. The pure earthy white chalk is not found out- 
side these districts.’ 

By way of comparison it will he necessary to select, as a type section of the 
Upper Chalk in France, the petrological zones of M. A. d’Orbigny, which, 
according to Professor Ildbert, may be tabulated as follow's : — 

Zone of Jielemnitella mucronata . . Meudon, Epernay. 

,, ,, quadrata . . „ 

„ MicTaste7'-cor-a7ignirium. . . ('halk Cliffs east of Dieppe. 

,, ,, cor-testxidinarimii . ,, „ west of Dieppe. 


The most ty])ical zonal succession of the Upper Chalk known to me is found 
in the neighbourhood of Salisbury, and from this district I have examined a mass 
of w(dl-pres<‘rved polyzoa, which bad been collected by Dr. Blackmore and his 
friends; and it an ill be more convenient for me to Avork the other horizons by 
reference to this : 


A. 

P». 

C. 

I). 

E. 


Zone 


of BeJcmnitella mucronata .... 

,, qua dr at a .... 

J/hr.so//>?7r.s‘ teatudiuartus and Jlolaster pdida 
Micrastcr-coi'-aytgniuviu .... 

,, „ testudinariuvi .... 


Feet, 
about 100 
„ 100 
„ 1.^0 
„ 100 
„ 60 


The BflemnitcUa quadrat a zone is largely deA'eloped at Salisbury because it is 
worked for the manufacture of Avhiting, and" I think we may take the collection of 
Dr. Blackmore, derived from this particular zone, as fairly representative of the 
forms of the horizon. The other zones have yielded a fair proportion of the forms 
submitted to mo for examination, some of which are quite new to the British 
Upper Clialk, or ncAv altogether. From the neighbourhoods of Gravesend and 
Chatham I have also a tine series of polyzoa, many examples of Avhich are free 
from the matrix, while others — and these are some of the best of the forms — are 
attached to flints ; details, however, of the species could not he gh'en in this brief 
abstract of my contemplated work. 

It Aviis Avhile collecting information for a full description of the polyzoa of the 
whole of the cretaceous rocks, that my attention was drawn to certain peculiarities 
of the fossils under consideration, and which seemed to me to separate the 
polyzoa of one bed from that of another; but though the species from one bed 
Avero not, on the whole, Avidely divergent in character, the facies of allied forms 
generally Avas an ell marked , or at least peculiar. These divergencies, therefore, I 
do think merit something more than a mere passing notice. 

Of course, lu giving specifle or varietal details of our British cretaceous 
polyzoa it Avill bti necessary to work along lines so ably planned and utilised by 
JSI. a. d’Orbigny in his palmontological studies, but any slavish adherence to his 
plan of characterising, or CA*en of classifying species, would retard rather than 
advance our knowledge of the zonal distribution of the polyzoa. Let any one, 
however, who is at all acquainted with the polyzoa of the cretaceous formation, 
select and carefully study the species belon^iig to various genera characterised by 
the specific name Meudonensh d' Orb. or Farisierms d'Oi b., and he Nvill soon find when 
correlating British forms hearing somewhat similar characters to the species 
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Geology^ vol. ii. 1888, for Cretaceous zones generallj', pp. 299-30P, 
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referred to, the value of the contemplated zonal divisions. I cannot say that I 
shall be completely successful in my labours, but I may be able to lay founda- 
tions on which some one, far more competent than myself, may build advan- 
tagreoiisly at least. If, however, I take two or three well-marked types of polyzoa 
I shall be able to explain my meaninjr better. 

In 1864 Ignaz Beissel ^ described and illustrated a peculiar species of 
Entalophora, Avhich, on account of the delicate markings on the surface of the 
zoarium, he named E. Imeata. from the chalk marl of Friedrichburg. The species 
was found in three different localities, and is marked ^rare.’ When working out 
my Cambridge Greensand material ® I found that one species in particular was 
rather abundant, and, not having at the time any knowledge of Beissers description 
or species, I named the Greensand form Entalophora striatoporay Vine." In 1874 
Dr. Kenss described an<l illustrated two species from the Qiiader Sandstone of 
Strechlen, which he called Entalophora lineata Beiss., and Filispaj'm ornata Kenss, 
both of which are marked ^rare.’ Two years before Kenss, in 1872, Stoleczka, in 
his 'PaljBontoIogica Indica’ (iv. 2, The Ciliopoda), also described E. lineata from 
the ‘ Arria loor gruppe hei Yermamoor in Ostandien.’ In 1887, however, Dr. 
Marsson^ introduced a new genus, Clinoporay for the inclusion of Beissel’s species, 
and also a new species in some respects similar to E. striatopora Vine, but not so 
coarsely marked on the surface. These are : 

Clmopora costidata, Marsson , . . {Op. cit. p. 24, pi. II, fig. 2) 

,, lineata, Beissel .... {id. „ „ „ il) 

After submitting examples of my own species to Dr. Pergens, of Belgium, he 
expressed the opinion that as the Cambridge Greensand form was the same as 
Clmopora costulatay by right of priority the Kugen form should be characterised as 
Clinopara striatopora Vine. For reasons Avhich could be easily given I should 
prefer to retain my own name, as given in the last British Association Keport/^ as 
Entalophora lineata Beissel, Var. striatopora Vine. 

There is still another very characteristic polyzoon found in the Cambridge 
Greensand, and also in the chalk marl material from Charing, though not 
previously recorded by me. This is the Eschara temiisy llag.,' or tlie Epidictyon 
tenucy Mars.son.'^ The sjjocies Is rare everywhere. Marsson records it from Upper 
Turonian and Middle Senouian, Kugen, but it is present also in the English Chalk 
of Salisbury (but rare), in the UelemnitelUi miuTonata zone. The same species is 
recorded by Reuss from the marl-beds of the Quader Sandstone of Saxony as 
Lanceopora striolata Reuss." In the Cambridge Greensand the examples are 
very strongly marked on the surfaa\ 

In the Kugen example, and akso in the Salisbury example, the surface lines are 
distinct but faint, and, like Entalophora lineata and its varieties, the facies of the 
various examples indicate, to some extent, the horizon from which they have been 
derived. 

The presence of Cretaceous” polyzoa in the Miocene rocks of Australia may 
at 6rst seem to upset the usefulness of any attempt to fix the zonal distribution 
of species. I possess a slide containing examples of all the Vincularia species 
described by INIr. A, W. Waters in his first paper on the Australian Bryozoa,'^ 
(from Yarra-Yarra, Victoria), but I am not able to deal with these forma in this 
abstract ; their presence in Australian rocks may be easily accounted for when we 
remember that both in Australia and New Zealand, according to Prestwich,'* 
there is a considerable development of Cretaceous or Cretaceo-Tertiary strata. 

• Dxe Bryozoen der Aaahner Kreidehildung, p. 80, Tab. IX. figs. 116-110, 1865. 

• Proc. Yorksh. Geol. Soc. vol. ix. p. G, pi. I. fig. 5, and Ibid. vol. xi. pp, 250-276. 

• Die Bryoz. der Weissen Schreihkreide der Insel Biigeny p. 21, &c. 1887. 

< Brit. Ahhog. Report a, 1800-91, p. 389. 

• L.O. Nachtragy p. 645. 

• Op. cit. p. 17, Tab. I. fig. 4. 

’ Reuss in Geinitz, ElbthalgeHrge, ii. 1874, p. 130, Tab. XXIV. figs. 17, 18. 

• Quurt. Journ. Geol. Soe. vol. xxxvii. p. 309-347, PI. XIV. 

• Geology, vol. ii. p. 308. 
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In his latest paper, however, Mr. Waters,^ after reviewing* Mr. Ulrich's work 
on the Palaeozoic Bryozoa ~ of America, remarks (p. 5.‘J) : * I would urge the 
importance of a thorough comparison of Paheozoic witli Cretaceous genera, for 
the number of known Cretaceous genera is very large, and with these and the 
present fauna comparison can be made, thus giving the beat stepping-stone between 
the rich carboniferous fauna and the recent.’ Such a comparison would be of 
great value to the paheontologist, but the comparison must be made with actual 
examples of the fauna from the several formations, and not with figures or mere 
descriptions of the same. During the last twenty years some thousands of 
examples from all formations have passed through my hands, and possibly some 
light could be thrown upon the question indicated by 3Ir. Waters, but ample 
space and special illustrations are necessary to do the work well. 

* Ann. Mag. Nat. Hist. s. t. vol. viii. p. HS, July 1891. 

^ Geology and Palceontologijy vol. viii. Geol. Survey, Illinois, 1890. 
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Section D.— BIOLOGY. 

I'RESIDENT OP THE SECTION — FRANCIS DARWIN, M.A., M.B., F.R.S. 


THUnSBA r, A UG VST 20. 

The President delivered the following Address : — 

' 071 Growih‘CU7'vatii7'e8 m Vlayits, 

A si:edling plant, such as a young sunflower when growing in a slate of nature,, 
growls straight up towards the open .•^ky, while its main root grows straight down 
tow'ards the centre of the earth. AVhen it is artificially displaced, for instance, 
by laying the flower-pot on its side, both root and <?teni execute certain curvatures 
by which they reach the vertical once more. Curvatures such as these, whether 
executed in relation to light, gravitation, or other influences, may he grouped 
together as growth-curvatures, and it is with the history of our knowledge' 
on this subject that 1 shall he occupied to-day. I shall principally deal with 
geotropic curvatures, or those executed in relation to gravitation, hut the phe- 
nomena in question form a natural group, and it will bo ni'cessary to refer to 
heliotropism and, indt'od, to other growth-cnrvuture.s. The, lusiory of the subject 
divides into two branches, which it will be convenient to study .separately. 

When a di.splaced apogeotropic organ curves .so as to liecome once more 
vertical, two di.>tinct questions ari.^e, which may he briefly expre.ssed thus : — 

1. How doe.s the plant recogni.se the ^ertical line j how does it know where 
the centre of the earth is ? 

2. In Avhat way are the curvature.s which bring it into the vertical line 
executed ? 

The first is a question of irritability, the s<‘Cond of the mechanism of movement. 
Sachs has well pointed out that these two very different questions luive been con- 
fused together.’ They should be kept as distinct a.s the kindred questions liow, 
by what nervous apparatus, does an animal perc(;i\o changes in the external 
world; and how, by what muscular machinery, doe.s it move in relation to such 
changes ? 

The history of our modern knowledge of geotropi.sm may conveniently begin 
with Ilofraeister's researche.s, because in an account of hi.s work some of the point.s 
which re-occur in recent controversy aro touched, and also because in studying his 
work the necessity of dividing the subject into tlie two aboviMiaraed headings. 
Irritability and Mechanism will be more clearly perceived. 

In 1859'^ Hofmeister published his researches on the effect of disturbance, such 
as shaking or striking a turgescent shoot. This appears at first sight sufliciently 
remote from the study of geotropism, but the facts published in this work were 
the basis of the theory of geotropism formed by llofmeister and accepted with 
some modification by Sach.s. Wnen an upright, vigorously-growing, turgescent 
shoot is struck at its base the upper end is made to curve violently towards the 

* Arbeit ii. p. 282 (1879). 

* llofmeister, Berxcfde d. k. Sdekt. Get, d WUt.t 1859. 
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tiide from which the blow came. When the shoot comes to rest it is found ta 
ne no longer straight, but to have acquired a' permanent bend towards the side on 
which it was struck. In explaining this phenomenon llofmoister described those 
■conditions of growth which give rise to what is known as the tension of tissues : 
these facts are still an important part of botanical study, though they hold 
quite a dilierent position from that assigned to them by Hofmeister. The classifi- 
cation into active or erectile tissue and passively extended tissue was then first 
made. Tlie pith, which is compressed, and strives to become longer, is the active 
•or erectile part, the cortical and vascular constituents being pa.ssively extended 
by the active tissue. Hofmeister showed that when the shoot is violently bent 
the elasticity of the passive tis.sues on the convex side is injured by overstretching. 
The system must assume a new position of equilibrium ; the passive tissues are 
now no longer equally resisting on the two sides, and the shoot must necessarily 
assume a curvature towards that side on which passive tissues are most resisting. 

In a second paper, in 1800, Hofmeister ^ applied these principles to theexplana- ' 
tion of geotropism. It is true that in his second paper he does not refer to the 
former one, but 1 think that it can hardly be doubted that the knowledge which 
supplied the material for his paper of 1850 suggested the theory set forth in 1800. 
Ho had shown that in the system of tensions existing in a turgescent shoot lay the 
power of producing artificial curvatures, and he applied the same principle to the 
natural curvatures. When an apogeotropic organ is placed in a horizontal position 
Hofmeister supposed that the resisting tissues on the lower side became less resist- 
ing, so that they yielded more readily than tliose on the upper side to the longitu- 
dinal pressure of the turgescent pith. The system in such a case comes to rest in a 
new position, the .shoot curving upwards ; tlie passive tissues on the upper and lower 
.Glides onc(i more resist the expansion of the pith in equal degrees. In this way 
Hofmeister hit on an exjdanalion whicli, as far as mechanism is concerned, is in rough 
outline practically the same as certain modern theories, which will be discussed in 
the sequel. 

His views resembled more modern theories in this, too : he clearly recognised 
that they were, viutatis mufnndifi, applicable to a(*ellular^ organs. manner in 
which liofmeister compared the mechanics of multicellular and acellular parts was 
curious; nowadays we com])are the turgescent pith of a growing shoot with the 
hydrostatic pressure inside the acellular organ. Just, ns the pressure inside a single 
cell stretches the cell-walls, so in a growing shoot the turgescent pith stretches the 
cortex. As pith is to cortex, so is cell-pressure to cell-memhrane. Hut Hof- 
meister would not have accepted any sucli comparison. In the case of acellular 
organs he localised both the erectile and passive tissues in the membrane. The 
cuticle was said to be passively extended by the active growth of the inner layers 
of tlie cell-wall. 

It is remarlcablo that the obvious source of power which the pressure of the 
cell-sap against the cell-walls supplies should have been so much neglected. This 
may pcrliaps be accounted for us a revulsion against the excessive prominence given 
to osmosis ill the works of Diitrochet. 

The great fault of Ilofmelster’s views was the purely mechanical manner in 
which he believed changes in extensibility in the passive tissues to be brought about. 
A\’hen an ajiogeotropic shoot is placed horizontal there would be a tendency, 
according to Hofmeister, for the resisting passive tissues along the lower side of 
the shoot to become waterlogged owing to the tliiid in the shoot gravitating 
towards that side. They would thus be rendered more extensible, and the shoot 
would bend up, since its lower parts would yield to the erectile tissues in the 
centre. Such a conception excludes the idea of gravitation acting as a stimulus, 
and tends to keep geotropism out of the category in which it now takes its place 

• Hofmeister, Berichte d. It. SdcJts. Ge». d. 1860. 

• Kniglit had previously suggested an explanation {PJtilosopJiical Traiisactiont, 
1806), which is so far similar, that the sinking downwards by gravitation of the 
juices of the plant is supposed to be the primary cause of axiogeotropism. Knight’s 
explanation of positive geotropism is practically the same as Hofmeister’s, 

• Sachs’ term acellular is, in the present connection, equivalent to ^micellula/r. 
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jg with such obvious cases of response to stimulation m the movements of 
mimosa. In this respect it was a retrogression from the views of some earlier 
writers. Dutrochet’s clear statement (1824) as to growth-curvatures being au 
affair of stimulus and response will be quoted lower down. Treviranus in his 
* Physiologie ’ (1838) speaks of geotropism ns a Trieb, or impulse, and adds that 
though there is no question of desire or sensation as in the impulses of animals, yet 
geotropism must be thought of as something higher than a merely mechanical or 
chemical action, 

In taking such a view I lofmeister naturally neglected the biological side of the 
study of geotropism. Now we think of gravitation as a stimulus, which the plant 
translates according to its needs. The plant, so to speak, knows where the centre 
of the earth is, and either grows away from it, or towards it, according as either 
direction suits its mode of existence. 

We have seen how Hofmeister a view enabled l)im to apply a common explana- 
tion to acellular and multicellular organisms. But it led him into an error which 
more than counterbalances the credit due to such a generalisation, namely, into 
separating what are now universally considered parts of a single phenomenon — viz., 
negative and positive geotropism. lie gave totally different explanations of the 
bending down of a root and the bending up of a stem. It is well known that he 
supposed a root to he plastic, and to bend over by its own weight, like a tallow 
candle on a hot day or a piece of heated sealing-wax. 

The development of a unified view of heliotropism, geotropism, and other similar 
curvatures is a part of my subject, and for that reason the curious want of unity 
in Ilofmeister’s views is interesting. 

In 1865 Sachs published his * Experiment al-Physiologie.^ He here accepts 
Ilofmeister’s views with certain modifications. 

Jrritahility, 

When by a touch on a trigger the explosion of a pistol is caused we do not 
say that the pistol is irritable, but Avhen in an organism a similar release of 
Stored-up energy occurs we apply the term irritability/ to the plienoincnon, and wo 
call the influence wliich produced the change a stimulus. At this time (1805) 
there was, as far as 1 can discover, no idea that growth-curvatures were pro- 
duced by external influences acting as stimuli, (rravilation and light wem sup- 
posed to act directly, and not as releasing forces. This is all the more remarkable, 
because Dutrochet ^ had expressed with great clearnf*ss the conception winch we 
now hold. He wrote: — ^Ea cause inconnue de Tat traction nest que la cause 
occasionelle dii mouvement descendant des racines et, do Tascension des tiges ; 
elle n'en est point la cause immediate ; ello agit dans cette circonstance comme 
agent nervimoteur. Nous perrons plus has de noiivelles preuves do la gcntiralitf* 
de ce fait important eii physiologie, savoir que les mouvements visibles des 
v^g6taux sont tons des mouvements sptmtanh, executes a loccasion de rinflu(3nce 
d’un agent ext«Srieur et non des mouvements in»])rime8 ])ar cet agent.’ Nothing 
could be more to the purpose than this, and it is one of the most curious points in 
the history of the subject that the botanical mind should have taken more than 
fifty years to assimilate Dutrochet’s view. 

In 1868 Albert Bernhard Frank published his valuable ^Beitrnge zur Pflanzen- 
physiologie,’ which was of importance in more than one way. In this work the 
term ' geotropism ’ was first suggested in imitation of the existing expression * helio- 
tropism.’ This uniformity of nomenclature had an advantage beyond mere con- 
venience, for it served to emphasise the view that tlie curvatures were allied in 
character. His criticisms ojf Hofmeister and Sachs were directed against the 
following views: — (i.) That roots and other positively geotropic organs bend 
owing to plasticity. By repeating and varjdng certain older experiments, Frank 
help^ materially to establish tlie now universally accepted view that positive 

* Iteclicrchci anat. ivr la Structure iwtvme^ §-c. J824, p. 107. Dutrochet, however, 
was not consistent in this matter, and later on gave explanations as mechanical as 
Hofmeister’s. 
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geotropism is an active, not a passive, curvature, and that it depends, like apo- 
geotropism, on uneqjual distribution of longitudinal growth. Here, again, he 
introduced unity, bringing what had been considered different phenomena under 
a common heading. By studying the distribution of growth and of tension in a 
variety of curvatures he helped still more to unite them under a common point 
of view. 

(ii.) He showed that Ilofmeister’s classification of organs into those (1) which 
have and (2) which have not tension, was valueless in connection with growth- 
curvatures ; that is to say that apogeotropism is not necessarily connected with 
the form of longitudinal tension found in growing shoots, and that the distinct kind 
of tension existing in roots has no connection with their ])ositive geotropism. Ilis 
work thus served to bring the subject into a more purely physiological condition, 
not only by his downright opposition to a mechanical theory backed by the great 
name or Ilofmeister, hut also by giving importance to physiological individuality. 

In 1870 Frank published a more important work, ^Die naturliche wagerechte 
Richtung der Pflanzentheilen.’ This paper not only tended to unite geotropism 
and heliotropism by proving the phenomena described to bo common to both 
categories, hut it more especially widened the field of view by showing that 
horizontal growth must be considered as kindred to vertical growth, and thus 
introduced a new conception of the reaction of plants to light and gravitation 
which has been most fruitful. 

Frank showed that certain parts of plants, for instance the runners of the 
strawberries, even when kept in the dark, grow horizontally, and when displaced 
from the horizontal returned to it. Here, said Frank, is a new type of geotropism, 
neither positive nor negative, hut tra7isversp. Ten years later Elfving,^ working in 
Sacha’ laboratory, got similar results with rhizomes of Scirpus, &c. These experi- 
ments are more conclusive than Frank s in one way, because the strawberry runners 
when darkened were in abnormal conditions, whereas the rhizomes used by Elfving 
were normally frwd from light-eflects. When a rhizome which has been placed 
so as to point obliquely upwards moves down towards the horizontal position it 
is, according to tlie old nomenclature, positively geotropic, and, vice versdy when it 
reaches the horizontal from below it is negatively geotropic. But it cannot be both 
positively and negatively geotropic. We are bound to assume that it is so organised 
that it can only assume a position of rest, and continue to grow in a straight line 
when it is horizontal, just as an ordinary geotropic organ cannot devote itself to 
rectilinear growth unless it is vertical. In this way Frank’s conception of trans- 
verse geotropism paved the w ay for the theory that there are a variety of difl'erent 
organisations (or, as we may now say, irritabilities) in growing plants ; and that, 
whether a plant grows vertically upwards or downwards or horizontally, depends 
on the individual and highly sensitive constitution of the plant in question. It is, 
of coiii’se, true that those who .seek for mechanical explanations of growth curva- 
tures might he able to find such a one for transverse geotropism. But when Frank’s 
conception has once been seized such views are less and less acceptable ; and, judg- 
ing from my own experience, I cannot doubt that Frank’s work deserved to have 
a powerful elfect in preparing the minds of physiologists for a just view of 
irritability. 

The belief iii transverse geotropism received interesting support from Vdchting’s'^ 
work on the movement of certain tlowers which retain a horizontal position under 
the infiuence of gravitation. 

Frank’s views, it may he added, were accepted by my father and myself in our 
*■ Power of Movement,’ in which the term diageotropism was proposed, and has 
been generally accepted, for transverse geotropism. Nevertheless, though Frank 
was undoubtedly right, his views were strongly oi>posed at the time. He held 
similar views on the effect of light, believing that the power possessed by leaves of 
placing themselves at right angles to the direction of incident light must be con- 
sidered as a new type of heliotropic movement, transverse or diaheliotropism. 
Frank’s views were criticised and opposed by De Vries,* w ho, by means of experi- 

* Elfving, Sachs’ Arheiten, 1880. * Die Dewegtmg der DlUthen vnd FrucktCt 1882, 

• De Vries, Sachs* ArbeitcUy 1872. 
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ments carried out in tlie Wurzburg laboratory, tried to show that Frank’s results 
can be explained without having resort to new types of geo- or heliotropism. De 
Vries believed, for instance, that a leaf may be apheliotropic and apogeotropic, 
and that its horizontal position under vertical illumination is due to a balance 
struck between the opposing tendencies, one of which calls forth an upward, the 
other a downward curvature. 

The same point of \iew occurs again in Sachs’ paper on ^ Orthotrope and Pla- 
giotrope Plant-members.’^ Sachs holds to the opinion that Frank’s theory is 
untenable, that it is upset by De Vries, and that the oblique or horizontal position 
is to be explained as the result of a balance between opposing tendencies. 

In a paper published the following year (1880) ^ £ attempted to decide between 
the opposing views. My experiments proved that at least certain leaves can place 
themselves at right angles to the direction of incident light when there is no 
possibility of a balance being struck. The outcome of my experiments was to 
convince me that Frank’s views are correct, namely, that the quality of growth 
called transverse heliotropism does exist. 

This view was accepted by iny father in the ‘ Power of Movement.’ The 
conclusions of Vbchting, in the ^ Hot. Zeitung,’ 1888, and Krahbe in Pringsheim’s 
* Jahrbucher,’ 1889, vol. xx. are on the same side of the question. 

The general result of these confirmations of I'rank’s conception has been to 
bring to the front a belief in the individuality of the plant in deciding what shall 
be the effect of external conditions. Such a \iew does not necessarily imply 
irritability in a strict sense, for Frank himself explained the facts, as we shall see, 
in a different way. Put it could not fail to open our eyes to the fact that in 
growth-curvatures as in other relations to environment external changes are 
effective as guides or sign-posts, not as direct causes. 

Frank saw clearly that plants may gain such various aptitudes for reacting to 
light and gravitation as best suit their modes of Jife. 

In stating this view^ he refers to the influence of the ‘Origin of Species,’ 
which had showm how any qualities useful to living things might be developed by 
natural selection. Frank described the qualities thus gained under the term 
jwlarity. He supposed that the cell-membranes of a transversely heliotropic leaf 
(for instance) were so endowed that a ray of light striking it oblKpiely from 
base to apex produced an increase of growth on the side away from the light : 
while a ray oolique from apex to base caused a reverse movement. The polarity- 
assumption of Frank is a purely gratuitous one, and, if strictly interpreted, hardly 
tends to bring growth curvatures into harmony with what we know of the relation 
of life to environment. 

It will no doubt appear to be a forcing of evidence if, after such a statement as 
the last, I still claim for Frank that he led the way to our modern view of 
irritability. I can of course only judge of the effect of his writings on myself, and 
I feel sure that they prepared me to accept the modern views. It must also be 
insisted that Frank, in spite of his assumption of polarity, seems to have looked 
at the phenomena in a manner not very different to ours of the present day. 
Thus he compares the action of gravitation on plants to the inlluence of the 
perception of food on a chicken. He speaks too of custom,^ or use, building up the 
speci^ised ‘ instinct ’ for certain curvatures. These are expressions consistent 
with our present views, and I think that Vines'* is perfectly just in speaking of 
Frank’s belief in different kinds of irritability, although in so judging he may 
perhaps have followed equity rather than law. 

One of the chief bars to the development of our present views on irritability was 
the fact that simple growth in length is influenced, and markedly influenced, by 
differences in illumination. Plants grow more quickly, ccoteris paribus ^ in darkness 
than in light. With this fact to go on, it was perfectly natural that simple 
mechanical explanations of heliotropism should be made. De Candolle, as is 
well known, explained such curvatures by the more rapid growth of the shaded 
side. Thus it came about that heliotropism was discussed, for instance, in Sachs’ 

' Sachs’ Arbeiten, 1879. * Journal Linn, Soc, 1880. 

• Loe, cit. p. 91. • Vines’ Physiology, 
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‘ Text-Book,’ edit. 4, 1874, under the same heading as the influence of light on 
rectilinear growth. 

Shortly afterwards, in 1876, a pupil of Sachs, Muller-Thurgau, published ^ a 
research carried out in the Wurzburg Laboratory, which is of some importance. 
In the introductory remarks he wrote : — ‘ It has been hitherto supposed that helio- 
tropic curvatures depend on a difference in intensity of illumination on the two 
sides. Sachs came to a diftbrent opinion in bis work on geotropism : he found 
himself compelled to believe that in Leliotropic just as in geotropic curvatures it is 
not a question of different intensities on opposite sides, but rather that heliotropic 
effect depends on the direction of the light.’ ^ 

Muller’s research gave weight to this union of geo- and heliotropic effects by 
showing a number of resemblances in the manner and form of the two curvatures. 
Again, when it was found'* tlrat apheliotropic organs arc influenced by light and 
darkness in precisely the same manner as positively heliotropic ones, it became 
clear that tiie mechanical explanation of He Candolle was untenable for negatively 
heliotropic organs. It might still no doubt be upheld for positively heliotropic 
organs, but as a matter of fact it was not so upheld. There was a tendency 
to unify our view of growtii-curvatures, and the union of the two forms of 
heliotropism gave strength to the moAement. Nor was this all; when it became 
clear that light did not produce heliotropic curvatures by direct meclianical efl’ect 
it was natural to reinemoer that gravitation has none either ; we cannot point to 
any reason (except the crudest ones) why the lower side of a horizontal stem, or 
the upper side of a horizontal root, should grow the faster for the direct effects of 
gravitation. That being so, light and gravitation could he classed together as 
external agencies acting, not directly, but in some unknown indirect manner. I do 
not imply that such a result lolloAved immediately, but that the line of research 
above alluded to helped in some degree to lead the way to a belief in growth- 
curvatures as phenomena of irritability. 

When my father was writing our book, ^The Power of Movement in Plants’ 
(1880), in Avliich he adopted to the fullest extent a belief that growth curvatures 
are phenomena of irritability, the only modern statement of such a view which he 
could find was in a passage by Sachs,"* where he writes that ‘ The living material of 
plants is internally differentiated in such a way that different parts are supplied 
Avith specific energies resembling those of the sensory-nerves (Sinnesnerven) of 
animals. Anisotropy in plants fulfils the same purpose as do sense-perceptions in 
animals,’ 

The idea of irritability as applied to groAvth cuiwatures is expressed Avith suffi- 
cient clearne'^s in the * I’owcr of Movement.’ Thus for the case of geotropism we 
wrote (p. 621) : * Different part^ or organs on the same plant, and the same part in 
diflerent species, are thus excited to act in a Avidelv different manner. We can see 
no reason why the attraction of graAity should directly modify the state of 
turgescence and subsequent groAvth of one part on the upper side and of another 
part on the lower side. We are therefore led to infer that both geotropic, apogeo- 
tropic, and diageotropic movements, the purpose of Avliich Ave can generally 
understand, haAe been acquired for tbe advantage of the plant by the modification 
of the ever present movement of circumnutation. fl’liis, hoAAX'ver, implies that 
gravitation produces some effect on the young tissues siiflicient to serve as a 
guide to the plant.’ A similar view is giv’en for heliotropism. It should be noted 
tliat the essence of the Aiew, namely, that light and gravitation act as guides or 
landmarks by which tbe plant can direct itself, can be held without a belief ia 
circumnutation. 

In Pfetfer’s admirable ‘ Pflaiizenphysiologie,’ 1881, the conception of stimulus 

* Fl^)ra, 1876. 

* In his Vorlesunffen, p. 854, Sachs states that ho wrote Muller-Tlmrgau’s intro- 
duction. 

* Schmitz, Limtfea, 1843; Mulle^-^’hu^gau (^Flora, 1876); F. Darwin, Sachs’ 
Arhexten^ 1880. The two latter researches were carried out under the direction of 
Sachs in his laboratory. 

* Sachs [Arbeiten, ii. 1879, p. 282). 
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and reaction is fully given, and is applied, among other cases, to that of heliotropism 
and geotropism. f*leil‘er states clearly, and without reserve or obscurity, the view 
that light and gravitation act as stimuli or releasing forces, in manners decided by 
the organisation of the plant. Pfeffer seems to me to be the first writer who has 
treated the subject fully and consistently. 

In Sachs’ * Vorlesungon,’ 1882, a view similar to that briefly sketched in his 
paper of 1879 is upheld. Geotropism and heliotropism are described as Reiz- 
erscheinungen, i.e. phenomena of stimulation. The phenomena in question are 
described under the beading Anisotropy, a word which expresses, according to 
Sachs, ^ ^ the fact that different organs of a plant under the influence of the same 
external forces assume the most varied directions of growth.’ In another ])assage 
he states tliat the anisotropy of the different organs ^ is nothing else than the ex- 
pression of their different irritability to the influence of gravity [and] light, &:c.’ 

Vines, ^ who has recently (1886) summarised tlie evidence on growth curvatures, 
and whose researclies on kindred subjects entitle liis opinion to respect, accepts 
fully the view that gravitation, light, &c., act as stimuli. 

It is not necessary to trace the subject further, the views under discussion being 
now well recognised canons of vegetable physiology. 

I cannot, however, omit to mention Pfefler’s'* brilliant researches on the 
chemotaxis (irritability to certain reagents) of low organisms, such as antherozoids 
and bacteria. To take a single instance, ITeffer showed that the antherozoids in 
responding to the effect of malic acid follow precisely the same law that in animals 
correlates the strength of stimulus and amount of elfect. This result, although it has 
no direct connection with growth-curvatures, is nevertheless of the highest import- 
ance in connection with the general question of vegetable irritability. 

Nor can I omit to mention the ingenious reasoning by which Noll localised 
the seat of irritability in a vegetable cell. lie points out how in acellular plants, 
such as Caulerpa orllerbesia, tlie flowing protoplasm may travel from positively 
geotropic root to apogeotropic stem, and lie argues from this that the motile 
endoplasm cannot be the seat of specitic irritability. The flowing plasma 
which is always changing its position with regard to external forces must be as 
fully incapacitated from responding to them thnugli the plant were turning on 
a klinostat. It follows from this that it must be the stationary ectoplasm which 
perceives external change. From a ditferent point of view this is what \vc should 
expect — we should naturally suppose that tlie part which regulates the growth of 
the membrane, and therefore the curvature of the cell, should bo the irritable 
constituent of the cell contents. 

In attempting to trace the history of the establishment of growtli-curvatiires as 
phenomena of irritability, I have been forced to coniine myself to a slight .sketch. 
I have found it impossible to give a full account of the course of rest^arch on the 
subject. 1 have given an account of some of the halting-places in the journey of 
thought, hut not of the manner in which belief has travelled from stage to stage. 
Far greater knowledge than mine would be required to compile such an itinerary. 


Mecha)! ism. 

The first step in advance cf Ilofmeister’s views was the establishment that the 
curvatures under consideration are duo to unequal grow’th, that is to say, to an 
excess of longitudinal growth on the convex than the concave side. It is not, 
however, easy to say how far Ilofmeister had this idea, for it, in fact, depends on 
how we define ^growth.’ Ilofmeister knew, of course, that the convex side of n 
curved shoot was longer than it bad been before the curvature occurred ; this is a 
mathematical necessity. Rut be also made out the important point that the con- 
cave side increases in length during the curvature. These permanent elongations he 
must have known to be growth, but his attention was directed to what is, after all, 
the more important point, namely, why it was that unequal elongation took place. 

Sachs, in his * Experimental-Physiologie,’ held that growth curvatures are due 

* P. 856. * P. 869. • Physiology of Plants. 

^Tubingen, Unt&rtuchungen, vol. i. ‘Sachs’ Arbeiten, vol. ii. p 4G6. 
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to unequal growth. In his Text-Book (1874), English translation, 1882, p. 803, 
the author, referring to Ilofmeister’s work, says: ^ I pointed out that the growth 
of the under surface of an organ capable of curving upwards was accelerated, and 
that of the upper surface retarded ; I did not at the time express an opinion as to 
whether these modifications of growth were due to unaltered distribution of plastic 
material or to a change in the extensibility of the passive layers of tissue.’ Frank’s 
already quoted paper made valuable contributions to the subject. He showed 
that the epidermic cells on the convex side of the root are longer tlian those on 
the concave side, — that is, they have grown more ; he explained apogeotropic 
curvatures in precisely the same way. He showed, moreover, that the sharp 
curve close to the tip of a geotropic root, and the long gradual curve of an 
apogeotropic shoot, are necessary consequences from the manner in which growth 
is distributed in these parts. He demonstrated that rectilinear growth and 
geotropic curvature require the same external conditions; that, for instance, a 
temperature low enough to check growth also puts a stop to geotropism. 

The distribution of longitudinal growth which produces geotropism was after- 
w’ards studied by Saclis,‘ who thoroughly established the fact that the convex 
side grows fasten, while the concave side grows slower, than if the organ had 
remained vertical and uncurved. 

These facts are of interest in themselves, but they do not, any more than 
Frank’s results, touch the root of the matter. Until we know something of the 
mechanics of rectilinear growth, we cannot expect to understand curves produced 
by growth. The next advance in our knowledge did in fact accompany advancing 
knowledge of rectilinear growth. It began to be established, through Sachs’ 
work, that turgescence is a necessary condition of growth. A tiirgescent cell is 
one which is, as it were, over-tilled with cell sap ; its cell-walls are stretched by 
the hydrostatic pressure existing w’ithin*. In osmosis, which gives the force by 
W'hicb the cells arc stretched, a force Avaa at hand by which growth could be con- 
ceived to be caused. I’ho first clear definition of turgor, and a statement of its 
importance for growth, occurs in Sachs’ classical paper on growth.- 

As soon as the importance of turgor in relation to growth was clearly put 
forward, it "was natural that its equal importance with regard to growth curvatures 
should come to the fore, and that increased growth on the convex side (leading to 
curvature) should be put down to increased internal cell-pressure in those tissues. 
In the fourth edition of Sachs’ Ojchrbucli,’ 1874, Eng. tr. 1882, p. 834, such a view 
is tentatively givtm, but the author saw veiy clearly that much more evidence was 
needed before anything like a conclusion as to the mechanism of movement could 
be arrived at. The difficulty which faced liim was not a new one— in a slightly 
different form it had occurred to Ilofmeister — the question, namely, whether the 
curvatures of acellular and multicellular organs depend on the same or on different, 
causes. If one t'xplanation is applicable to both, then we must give up as a 
primary cause any changes in the osmotic force of the cells. For no change in the 
pressure inside a cell will produce a curvature in that cell, whereas, in a multi- 
cellular organ, if in tlie cells in one longitudinal half an increase of osmotic sub- 
stances takes place, so that the cell walls are subject to greater stretching force, 
curvature will take ])lace. 

On the other hand, if the cause of bending of acellular and multicellular organs 
is the same, wo must believe that the curvature takes its origin in changes in the 
cell- walls. In an acellular organ, if the cell membranes j^’ield synmietricallv to 
internal pressure, growth will be in a straight line ; if it yields asymmetrically it 
will curve. Thus, if the membrane along one side of a cell becomes more or less 
resisting than the rest of the membrane, a curvature will result. 

If we are to apply strictly the same principle to acellular and multicellular 
organs, we must suppose that the whole ur^n curves, because each individual cell 
behaves like one of the above described free cells, the curvature of the whole 
resulting from the sum of the curves of the separate cells. This was Frank’s view, 
and it also occurs in Sachs’ Text-Book, 1874, Eng. trans., 1882, p. 842. 

Are we bound to believe that the mechanism of acellular and multicellular 

' Arleiten, i. p. 193, June 1871. * Ibid. p. 104, Aug. 1871. 
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curvatures is so strictly identical as Frank supposed ? In tlie fir.st place^ it is not 
clear why there should ])e identity of mecliauism in the movements of organs or 
plants of completely ditferent types of structure. The upliolders of the identity 
chiefly confine themselves to asseveration that a common explanation must apply 
to both cases. I believe that light may be thi%‘V\ n on the matter by considering 
turgescence, not in relation to growth, but in regard to stability of structiife. 

An acellular organ, such a'^ the stalk of tlie sporangium of Mucor, owes its 
strength and stiflhess to the tension between the cell contents and the elastic cell- 
wall, but it does not follow from this that in multicellular organs strength and stiflT- 
ness are due to the sum of the strengths of its individual cells. Indeed, we know 
that it is not so ; the strength of a multicellular organ dejiends on the tension between 
pith and cortex. It is, in fact, a model of the single cell; the pith represents the 
cell-sap, the cortex the cell- wall. Here, then, it is clear that the function performed 
by the cell-wall in one case is carried out by cortical tissues in the other. If this 
is the case for one function there is no reason why it should not hold good in 
another, viz., the machinery of movement. 

If we hold this view that the cortex in one case is analogous with a simple 
membrane in the other, we shall not translate the unity of acellular and multicellular 
organs so strictly as did Frank. Indeed, we may fairly considtir it harmonious with 
our knowledge in other departments to find similar functions performed by morpho- 
logically diflerent parts. The cortex of a geotropic .shoot would thus be analogous 
with the membrane of a geotropic cell in regard to movement, just us we know that 
these parts are analogous in regard to stability. 

In spite of the difliculties .sketched above, one writer of the first rank, namely, 
il. de Vries, has upheld the view that growth curvatures in multicLdlular organs * 
are due to increased cell-pressure on the convex side ; the rise in hydrostatic pres- 
sure being put down to increa.se of osmotic substance.s in the cell-sap of the tissues 
in question. Such a theory flowed maturally from De Vries’ interesting plasmol} tic 
work.^ He had shown that those sections of a turgescent shoot which were in 
most rapid growth show the greatest amount of shortening when turgescence is 
removea by plasraolysis. This was supposed to show that growth is proportional 
to the stretching or elongation of the cell-walls by turgor. Growl li, according to 
tliis view, consists of two processes: (1) of a temporary elongation due to turges- 
(*ence, and (2) of a fixing process by which the elongation i.s rendered permanent. 
De Vries assumed that where the elongation occurred, its amount must be propor- 
tional to the osmotic activity of the cell contents ; thus neglecting the other factor 
in the problem, namely, the variability in the resistance of the membranes. He 
applied the plasmolytic method to growtli curvature.*:, and made the same deductions, 
lie found that a curved organ shows a flatter curve^ after being plasmolysini. Tlii.^:, 
according to his previous argiiraent, shows that the cell-sap on tlie convex is more 
powerfully osmotic than tliat on tlie concave side. Thi.s again lead.s to increased cell- 
stretching, and finally to increased growth. 

The most serious objection to De Vrie.s’ views is that the convex half of a 
curving organ does not contain a greater amount of osmotically active substance.'*^ 
It must, however, be noted in the heliotropic and gootropic curvature of piilvini, 
there is an osmotic difference between the two halves '* — .so that, if the argument 
from uniformity is used against De Vrie.s (in the matter of acellular and multi- 
cellular organs), it may fairly be used in his favour as regards tlie comparison of 
curvatures produced with and without pulvini. 

It is not easy to determine the extent to which De Vries’ view.s on the mechanics 
of growth curvature were accepted. The point, however, need not detain us, 
for the current of conviction soon began to run in an opposite direction.'’^ 

‘ Bot. Zeitung^ 1879, p. 835. * Ihid, 1877, p. 1. 

* Frank made similar experiments but failed to find any diminution of curvature. 

* Kraus, Ahhand. Nat. GeaelL zu Ifalle^ xv., 1882. See also a different proof by 
Wortmann, DeuUch. Bot. Gesdl. 1887, p. 469. 

* Hilburg in Pfeffer’s Tubingen. Untermch.y vol. i., 1881, p. 31. 

* An opportunity will occur later on for referring to some details cf De Vries* 
work not yet notic^. 
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Sachs ' had already pointed out that attention should be directed to changes in 
extensibility of cell-walls as an important factor in the problem. 

Wiesner, in liis ‘ Heliotropische Erschein ungen,’ held that the curvature of 
multicellular organs is due both to an increase of osmotic force on the convex 
side, and to increased ductility “ of the membranes of the snnie part. lie repeated 
De Vries’ plasmolytic experiments, and made out the curious fact that in many 
cases the curvature is increased instead of being diminished. lie attributed the 
result to the concave tissues being more perfectly elastic than ductile convert 
tissues, so that when turgescence is removed the more elastic tissues shorten most, 
and, by diminishing the length of the concave side, increase the curvature. 

Strasburger, in his ‘ Zell haute,’ 188:?, suggested that growth curvatures are 
due to increased ductility of the convex membranes, and gave a number of instances 
to prove that a change to a ductile condition does occur in other physiological 
processes, such as the stretching of tlie cellulose riug in (Edogonium to a uniform 
thin membrane, the branching of Cladophora, and the escape of sexual products in 
certain algoe. 

We now pass on to the work of two observers, Wortmann and Noll, who have 
devoted special attention to mechanism of curvatures. Wortmann^ started on the 
assumption, already several times mentioned, that the growth-curvature of acellular 
and multicellular organs must have a common cause. lie began by testing Kohl’s state- 
ment^ that w'hen thesporangiferous hypha of a Phycomyces curves apogeotropically 
or heliotropically, tliere is a collection of protoplasm on the concave wall. 
Wortmann principally investigated the curvature discovered in Phycomyces by 
Errera,'’ which can be produced by contact. When the hypha is touched with a 
glass filament or with a plalinum wire, or by allowing a speck of Indian ink to dry 
on it, it curves over towards the touched side. The hypha is so highly sensitive tt» 
contact that it curves in from three to six minutes; it is clearly a growth-curva- 
ture, for it only occurs in the part of the hypha which is growing. In curvatures 
thus produced, as well as in apogeotropic and heliotropic curvatures the accumula- 
tion of protoplasm on thi* concave side is, according to Wortmann, clearly visible, 
and, what is more important, the membrane becomes thicker on the concav e side, 
sometimes twice as thick as on the opposite side of the cell. In consequence of the 
unequal thickening of the membranes, the cell is supposed to yield asymmetrically 
cell-pressure, and the neci'ssarv coii'^equeiice is that the cell grows into a curved 
form. 

In applying the same method of investigation to multicellular parts, Wortmann 
followed ( Hesielski," who noticed that in geotropically curved roots the cells of the 
concave (loAver) side of the organ are much more densely filled wdth protoplasm 
than are the convex cells. Sachs '^ describes a similar state of things in the halms 
of grasses, and Kohl, again, in tendrils and the stems of climbing plants. 

Wortmann tirst of all made sure that no redistribution of protoplasm could be 
observed in the intfividual cells of curving multicellular organs. If each cell be- 
haved independently like a free cell, we might expect to find a collection of proto- 
plasm on the concave wall of all the constituent cells of a curving shoot. But this 
is not the case. Nor at first could any microscopic ditferences be made out bt^tween 
tlie concave and convex tissues of a curving shoot. But when the stimulus was 
made to act for a long time, differences were apparent. A young Pliaseolus plant 
was placed so that the opicotyl w^as liorizontal and was forced to grow in the 
horizontal direction by a thread attached to the end of the stem, passing over a 
pulley and fastened to a weight. Here the geOtropic stimulus could continue to act 

‘ Lvhrhucli^ ed. 4, Eng tr. p. 8lh>. 

* Wiener Sit:un{fsb. vol. Ixxxi. 1S80, p. 7 ; .also in the DenJ^sch riften , 1882. 

• Wein/.ierl, Sitzungsh. 1877, showed that strips of epidermis taken off the 

convex side of heliotropically curved flower-stalks of tulip and hyacinth were about 
twice as extensible when stretched b}»- a small weight, 7-o grammes, as approximately 
corresponding strips for the concave side. 

* lint. Zeit. 1887, p. 785. 

* Jiot. Hefte^ Marburg, Heft v. [I have not seen Kohl’s paper.] 

• JRnt. Zeitvng, 1884. ’ Oohn’s BeHrdgCy 1872, p. 1. 

• Vorletungen^ p. 842. 
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for 24-36 hours, and under such conditions a marked change in the tissues was 
visible. The cells of the cortex on the upper side became densely filled with pro- 
toplasm, while the lower cortical cells were relatively poor in protoplasmic contents. 
The same changes in the membranes occur as those noticed in Phycomyces, that is 
to say, the walls of the cortex on the upper side are very much thicker than those 
on the lower sido.^ 

Since the walls of the cortical cells have become more resisting on the upper 
than on the lower side, then (assuming tlie osmotic expanding force to be the same 
in both cases) the growth will be quicker on the lower side, and the slioot will 
curve upwards. NVortmann states that his observations account for the fact that 
the convex side grows quicker, not merely than the concave, but than a normal 
unbent shoot. But he does not seem to have compared the thickness of the convex 
cell-walls with the normal, altlioiigli he states that they are poorer in protoplasm 
than is usual, and from this it may, according to his views, be perhaps assumed 
that the membranes are abnormally thin. 

AVortmann points out that his views account for two well-known features in 
growth curvatures, viz., the latent period and the after-effect. If a curvature can 
only occur when a difference in structure of cell-walls has arisen, it is certainly 
natural that some time should occur before the curvature is apparent. I do not 
lay much stress on this part of the subject, as I feel sure the whole question of 
latent period needs further investigation, \\ ith regard to after-eliect it is true 
that Wortmann’s views account for the continuance of curvature after the stimulus 
has ceased to act. 

Wortmann attaches great importance to another point in his theory, which, 
could it be established, would be of the greatest interest, and would unite under r 
common point of view, not only acellular and multicellular organs, but also naked 
protoplasm, e.g. the pln.smodia of myxomycete.s. The view in (piestiou was tenta- 
tively suggested by Sachs,- and mention«‘d by Pfetler ^ in a similar spirit. The 
apogeotropic curvature of a phycomyce.s-hyplia is supposed to be due to the 
unequal thickening of the membrane on the upper and lower .sides, and this to 
be due to the migration of protoplasm from the lower to the upper side of the 
cell. In the same way in a multicellular organ tlie prot opla.‘*ni is .supposed to 
migrate from the lower cortex and j>ith to the upper cortex and pith, such 
migration being rendered p().ssible by the now generally admitted intercellular 
protoplasmic communication. Thus the apogeotropism of a cell or a multicellular 
part would be due to the apogeotropism or tendency to migrate vertically upwards 
of the protoplasm. There are great dilliculties in the way of accepting tlii.s 
attractive theory. 

Noll * states that when a curved jdiycomyces-hypha, in which protoplasm has 
accumulated in the upper (concave) side, i.s reversed so that the mass of protoplasm 
is below, it does not migrate upward again, a,s might he expected. ^Moreover he 
points out that in Nitella and in Bryopsis the circulating prot(q)lasm continues in 
movement, and does not accumulate in any part of the cell. Lastly, there seems, 
as Noll points out, a difficulty in believing in the migration of protoplasm through 
the very minute pores which the plasmic strands pass from cell to cell. There 
seems much probability in Noll’s view that the plasmic strands only serv e for the 
passage of impulses, or molecular changes, and that they consist of ectoplasm alone, 
not of the endoplasm which Wortmann describes as the migratory constituent of 
the cell. 

Wortraann’s theory has been criticised by Elfving.’'* The essence of Elfving’a 
paper is that appearances similar to those described by Wortmann can be produced 
by curvatures not due to stimulation. Thus, when l^hycomyces is made to grow 
against a glass plate it is mechanically forced to bend. Yet here, where there is 
no question of stimulation, the plasma collects along the concave side of the cell. 

• Botn protoplasmic change and thickening of cell-walls occur to some extent in 
the pith. 

• Tjelirhuch, 1874 ; English tr. 1882, p. 841. 

• PfianzenphytsiologiCt ii. p. 331. * Sachs’ Arheiten^ 1888, p. 630. 

• Fintka Vet. 8oc, FiJrhand, (Helsingfors), Bd. 30, 1888. 
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Elfving concludes that the visible changes are the result and not the cause of the 
<iurvature. Elfving also produced curvature in Phaseolus by bending the apex of 
the plant towards its base and tying in that position. Under these conditions the 
convex side of the shoot showed the changes described by Wortmann in geotropic 
plants. Here again Elfving gives reason to believe tliat the thickening of the 
cell-walls is a result, not of curvature, but of strain mechanically produced. 
"When a plant is prevented from executing an apogeotropic movement it is clear 
that a longitudinal strain is put on the upper (concave) side. But the longitudinal 
strain in Elfving’s plants is on the convex side. Therefore, if, as Elfving believes, 
the visible cbangoB are due to strain, they should, as they do, occur on the convex 
side in his experiments, on the concave in Wortmann's. 

"W'^ortmanii replied in tlie ^ Bot. Zeituiig,’ 1888, p. 469, and attemjited to explain 
how Elfving’s results miglit he explained and yet his own theory hold good. The 
reply is by no means so strong as tlie criticism, and it must be allowed that 
Elfving has seriously shaken Wortmann’s argument. 

Somewhat similar criticisms have been made by N’oll.^ Tn the acellular plants, 
Derbesia and Bryopsis, Noll studied growth-curvatures, and was quite unable to 
detect any thickening of the concave cell-walls, except when the curvatures were 
very sudden, and in these cases the result could equally well be produced by 
mechanical bending. 

Noll further points out what is undoubtedly a fault in Wortmann’s theory, 
namely, that he explains the retardation on the concave rather than acceleration 
on the convex side. Tliis criticism is only partially just, for though Wortmann’s 
description only shows a relative thinness of the walls on the convex side, yet it is 
clear he believed there to be an absolute diminution of resisting power on that 
•side, 

Noll’s experiments with grass-halms show clearly that acceleration of growth 
on tlie convex side is the primary change, rather than retardation along the concave 
half. Wlien tlie halms are fixed in horizontal glass tubes, so that they are stimu- 
lated but unable to bend, the lower half of the pulvinus forms an irregular out- 
growth, increasing radially since it is not able to increase longitudinally. 

A similar argument may be drawn from Elfving’s experiments. He found that 
the piilvini of grass-halms placed on the kliiioatat increase in length. This experi- 
ment shows incidentally that the klino.stat does not remove but merely distribute 
equally the geotropic stimulus: also that geotropic stimulus leads to increased, not 
to diminished growth. The same tiling is proved by the simple fact that a grass 
lialm shows no growth in its pulvinus while it is vertical, so that when curvature 
liegins (on its being placed horizontal) it must be due to acceleration on the convex, 
since there is no growth on the concave .side in which retardation could occur. 
Noll’s view is that the primary change is an increase in extensibility of the tissues 
on the convex side. This view he proceeded to test experimentally. A growing 
shoot was fixed in a vertical po.sition, and a certain bending force was applied to 
make it curve out of the vertical, lirst to the right and then to the left. If the 
cortical tissues are, at the hoginniiig of the experiment, equally resisting all round, 
it is clear that the excursions from the vertical to the right and left will be equal. 
As a matter of fact the excursions to the right and left were nearly the same, and 
the difference was applied as a correction to tlie subsequent result. The shoot was 
then placed horizontally until geotropic or other curvature was just beginning, 
when the above bonding experiment was repeated. It was then found that when 
it was bent so that the lower side was made convex, the excursion was greater 
than it had been. In the few experiments given by Noll the excursion in the 
opposite direction (stretching of the concave side) was less than it had been, and 
he states tliat all the other experiments showed a similar result. The increased 
extensibility of the convex side is clearly the most striking part of the phenomenon, 
but I fail to see why Noll takes so little notice of the diminution in the extensi- 
bility of the concave side, which is only mentioned towards the end of bis paper.^ 
Yet such a diminution is a necessary factor in the mechanism of curvature. It 
•hould be noted that results like Noll’s might be obtained under other conditions 

* Sichs’ Arheiten^ 1888, p. 496. * Loc, cit. p. 529. 
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of growth-cuvvatures. Thus if De Vries’ view were the true one and the curvature 
were due to ditFerence in osmotic force on the convex and concave sides, the shoot 
would react diiferently in the two directions ; for instance, the concave side would 
he the more easily compressed. Noll and Wortmanns explanations differ in 
this ; the former lays the greater stress on the increased extensibility of tlie convex 
side, the latter on the diminution of that of the concave side. Again, Wortmann 
explains the difference in extensibility as due to differences in thickness of the 
cell-walls. Noll gives no mechanical explanation, but assumes that the ectoplasm 
has the power of producing changes in the quality of tlic cell- wall in some unknown 
way. 

In the early stages of curvature, a phenomenon takes place to which Noll 
attaches great importance as supporting his view. AVhen a curved organ is 
plasmolysed, it suffers a diminution of curvature, as De \'ries showed, but Noll ' 
has proved that in the early stages of curvature a contrary movement occurs, that 
is to say, the curvature is increased. This seems to show that the yielding of the 
convex side is owing to a ductility, which prevents its holding its own against the 
more perfect elasticity of the concave side. Dut this is only the beginning of the 
phenomenon ; as the plasmolysing agent continues to act, a reverse movement takes 
place, the well-known flattening of the curvature described by Do V’^ries. It is to 
me incomprehensible how in a given condition of celh-walls those results can occur 
in different stages of plasmolysis. I can understand one occurring when tlie curv'a- 
ture is recent, and the other, the flattening of the curve, occurring when the ductile 
convex parts have reacquired elasticity. The fact undoubtedly is as Noll describes 
it : his explanation seems to me inadequate. 

Wo have now seen that the most acceptable theory of the machinery of these 
curvatures is in its main features akin to llofmeister’s, the power of elongation 
supplying the motive force, while tlu' varying extensibility of the membranes 
determines the nature and direction of tin* bend. 

The question now' arises : Is it possible by these means to account for all the 
facts that must be explained. Taking the theory for whicli there is most to hi* 
said on experimental grounds -~viz., NollV — it w ill be noted that it is essentially 
connected wdth the doctrine of growth by appo‘<ition. Tlie question, therefore, 
w'hether the apposition-theory is suflicient to account lor the plienomena of 
ordinal*}' growth, may bo applied mutatU mutandi'i to growMh curvature. This 
doctrine in its original purity absolutely requires turgoscence to account for the 
elongation of grow’th. The older layers, separated from tlie ectoplasm by the 
younger layers of cell-w'all, can onbf he elongated by traction. (Irowth liy intus- 
susception does not absolutely require tliis force; the theory that the micella* are 
separated by traction, and thus allow* intercalation of fresh micellie, a view for 
winch Sachs is chiefly responsible. 

Since surface-growth by apposition is absolutely dependent on the traction 
exercised by cell-pressure, it is a fair qiu-stion— how* far growtii is influenced by 
forcible elongation. Daranetzky states tliat w'lu*n a ])laiit is subject to traction, 
as by even a small weight attached to the free end, llio rate of grow'th is lowered, 
Ambronn,’’ as Zimmermann points out in the same connection, found no increased 
elongation of collenchjma when stretched for some days by means of a weight. 
A greater diftictiUy is that growth may be absolutely and at once stopped by 
placing the growing organ in an atmosphere free from oxygen.'* Such treatment 
apparently does not diminish turgoscence, yet grow*th stops. If the cell-walls aro 
increasing in length hy mf*chanical stretching, and if the turgor is not interfered 
with, increase in length ought to continue. The same thing applies to curvatures. 
Wortmann has sliow'n '^ that in an atmosphe*re of pure hydrogen a geotropic 
curvature which has Ijiigun in ordinary air cannot continue ; in other w'ords, after- 
effect ceases. This seems to me inexplicable on Noll s or Wortmann’s theories*, 
the convex side has become more extensible than the concave, turgescence, as 
far as we know, continues, yet no afler-eflect is observed. The same result may 

* The similar results obtained by Wiesner are noticed above. 

* Mem. Acad. St. Pet. v, vol. zxvii. p. 20. * Tringsheim’s Jahrh. xii. 

< Wieler, Pntenuch. Bd. i. p. 180. » Bot. 1884, p. 705. 
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be gathered from Askenasy’s' interesting experiments on the growth of roots. 
He showed that lowering the temperature has an almost instantaneous inhibitive 
efiect on growth. Thus maize roots (at a temperature of 20-0^) growing at the 
rate of 33 divisions of the micrometer per hour, were placed in water at 6°, and 
absolutely no growth occurred during the following ten minutes, in which the 
thermometer rose to 0-5. This result is to some extent more valuable because we 
know from Askenasy’s ^ other results that the turgor, as estimated by plasmolytic 
shortening, is about the same whether the root is in full growth or not growing at 
all. This, however, is not conclusive, for if the growing cell-walls were ductile they 
might shorten but little although under great pressure, whereas the non-growing 
colls might shorten a good deal, owing to their more perfect elasticity ; ^ therefore, 
Askenasy’s plasmolytic results are not in this particular connection of great 
importance, except as showing that the non-growing roots were certainly to some 
extent turgescent. 

There are other facts which make it extremely difficult to understand how 
surface-growth can depend on cell-pressure. Nageli * pointed out that the growth 
of cylindrical cells which elongate enormously without bidging outwards laterally, 
is not explicable by simple internal pressure. An internodal cell of Nitella 
increases to 2,000 times its original length, while it only becomes ten times 
as wide as it was at iirst. The filaments of Spirogyra become very long, and keep 
their orginal width. Nageli found that in Spirogyra the shortening produced by 
plasmolysis was practically the same in the longitudinal and in the transverse 
direction. He therefore concluded that the growth of Spirogyra cannot be 
accounted for by the cell-wall being differently extensible along different axes. 
I5ut it must once more be pointed out that this typo of plasmolytic experiment has 
not the force which Nageli ascribes to it. If the cell-wall stretched like putty in 
one direction and lilce india-rubber in the other, there might be no plasmolytic 
shortening in the line of greatest growth. Nevertheless, in spite of this flaw in 
Nageli’s argument, great elongation in a single direction remains a problem for 
those who btdieve in surface-growth by apposition. 

The point of special interest is that differences in extensibility in different 
directions cannot be supposed to exist in a homogeneous membrane. If ani/ purely 
physical characters can explain the facts, they must be architectural characters. 
That is to say, we must be able to appeal to remarkable structural differences along 
different axes if we are to explain the facts. Such .structural differences do, of 
course, exist, but whether they are sufficient to account for the plienomena is 
a different question. Strasburger^ supposes that the elasticity of a cell-wall 
depends on the last-formed layers, and as in those the microsomes are seen 
arranging themselves in lines or patterns, we have a heterogeneity of structure 
which may or may not be sufficient. 

We have now seen that it is difficult to believe, although it is not incon- 
ceivable, that the extending force of cell-turgor, combined with differences in 
extensibility of the membranes (depending on structural characters), may account 
for the phenomena of rectilinear growth. But, even if wo allow that this is so, 
how are we to apply the same explanation to growth-curvatures ? How are we to 
account for the rapid changes in extensibility necessary to produce geotropic or 
heliotropic curvatures ? The influences which Strasburger and Noll suppose to act 
on the cell-walls and render them ductile cannot account for extensibility in one 
direction only. Nor does Wortiuann’s theory, that difference in extensibility depends 
on difference in thickness, meet the case completely. What we need is an increase 


* D&ufueh. Hot. Oes., 1890, p. 61. This paper contains an excellent discussion on 
the mechanics of growth, to which I am much indebted. 

“ Jjoc. cit. p. 71. 

* Wiesner Wwu. Akad.^ 1884, vol. Ixxxix—xc., Abth. i. p. 22.*}) showed that 

under certain conditions decapitated roots grow much more quickly than normal 
ones, yet the amount of plasmolytic shortening is less. Deaipitated : growth, 79 per 
cent.; plasmolytic shortening, 8 per cent.; normal: growth, 39 per cent. ; shortening, 
13 per cent. 

StdrMdrnerf p. 279. » Zellhdute, p. 194. 

1891. XX 


» Zellhdute, p. 194. 
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in longitudinal, not in general extensibility. I presume that these writers might 
say that the excess in longitudinal extensibility is always present whether general 
extensibility is greater or less. In the meanwhile we must pass on to more 
recent researches connected with surface-growth by apposition. 

In Strasbiirger s later work, * Histologische Beitrage/ 1889, his views on growth 
have undergone considerable moditicatioii. The study of certain epidermic cells, 
of the folds in membranes, and the repetition of Krahbe’s work on certain 
bast fibres, have convinced him that apposition does not account for all forms of 
growth. Krabbe ' showed that in full-grown sclerenchyma (e.ff, in Oleander) 
local wideniugs occur without any such amount of thinning in the membrane as 
would occur if the bulging were duo to stretching, llie only possible explanation 
seems to be that there is a migration of new material into the cell-wall. Such 
intussusception might be, as Nageli supposed, a fiow of fluid out of which new 
micellae crystallise ; but it is now established that cellulose arises as a modification 
of protoplasm, so that it w’oiild harmonise with our knowledge of the origin of 
cellulose if we assume that intussusception was preceded by a wandering of proto- 
plasm into the cell-wall. Such a state of things would render possible the 
regulation of longitudinal growth in the case of isitella and Spirogyra, already 
alluded to, as well as in growth curvatures. This view might also harmonise with 
"VViesner’s^ theory that the cell-wnill contains protoplasm as long as it continues to 
grow. 

For the sake of brevity I content myself with the above examples: I think it 
will be allowed that there is a focussing- of speculation from many sides in favour 
of ^active’ surface-growth — or, what is perhaps a better way or putting it, in 
favour of a belief that the extension of cell membranes depends on physiological 
rather than physical properties, that it is in some way under the immediate 
control of the protoplasm. We may take our choice between Wiesner's wall- 
protoplasm (dermatoplasm), protoplasmic intussusception as conceived by Stras- 
burger, or the action of the ectoplasm in the manner suggested by Vines, who 
supposes that the crucial point is a change in the motility of the protoplasm, not 
of the coll membrane. The latter theory would undoubteilly meet the dillieulties — 
if we could believe that so yielding a substance as protoplasm could resist the force 
of turgor. 

The great difficulty is, it seems to me, that since cy. in Oaulerpa, surface-growth 
is clearly due to stretching, as Noll has demonstrated, and since in osmotic cell-pres- 
sure a stretching force does exist, it cannot be doubted that turgor, and ordinary 
physical extensibility are conditions of the problem. 'I'bis remains true in spite of 
Klebs’ * curious ob-^ervations on tlie growtli of plasmolysed algae, or in spite 
of the fact that polhm tubes may grow without turgor, in spite of the same 
being perhaps true of young- cells filled with protoplasm.-’ In the facti of all these 
facts, osmotic pressure in the cell must remain a vera causa tending to surface- 
growth. 

If we accept sonn* form of • active’ surface-growth, -we must deal with turgor in 
another way, although to do so may require a violent exercise of the imagina- 
tion. Are we to believe, for instance, that the function of turgescence is the 
attaining of mechanical strength P If we hold that cell -walls increase in area 
independently of turgor, we shall he forced to invent a hypothesis such as the 
following — w^hlch I am far from intending to uphold. It is possible to imagine 
that the function of the force of turgor is merely to spread out the growing mem- 
brane to its full extent, and, as it were, to make the most of it. Turgor would in 
this respect play the part occupied by the frame used in embroidery, making it easier 
to carry on the work satisfactorily, hut not being absolutely necessary. When 

’ Pringsheim’s Jahrh. xviii. • Sitz. Wien. AJtad. 1880, vol. xciii. p. 17. 

® Sachs’ ArheitcUy 1878, and Physiology^ 1886. fiee also Gardiner, on protoplasmic 
contractility, in the Annals of Botany, i. p. 366. Pfeffer has, I think, shown that 
Vines* and Gardiner’s theories as.sume the existence of too great strength in the 
ectoplasm. 8ee Pfeffer in Abhandl. der It. Sachs. Qesellsch, xvi. 1890, p. 329. 

* Tubingen. IJntermchungen , ii. p..489. 

• See Noll, Wilrtbwrg. Arbeiten, iii. p. 530. 
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mechanical strength is gained by turgor (as in Mucor), instead of by brute strength 
of material, as in a tree-trunk, a great economy in cellulose is effected. If turgor 
played our hypothetical part of smoothing out the membrane and insuring that 
it shall occupy as large a space as possible, it would efiect the same kind of 
economy. 

It is not necessary to inquire how far this hypothesis accords with our know- 
ledge of cell mechanics. It is only put forth as an example of the difficulties in 
which we land if we seek for a new function for turgor. We are, indeed, surrounded 
by difficulties ; for, though the theories which are classed together as protoplasmic 
have much in their favour, they, too, lead us into an impasie, 

Glrcumnuiation, 

I shall conclude by saying a few words about the theory of growth-curvatures 
put forward in the * Power of Movement in Plants.’ I can here do no more than 
discuss the relation of circumnutation to curvature, which is the thesis of the book 
in question, without attempting- to enter the arena with regard to the many 
objections which have been raised to other parts of our work. 

distinguished botanist, Professor Wiesner, of Vienna, published in 1881 a 
book, *• Das J^wegungsvermogon der Pflanzen,’ entirely devoted to a criticism of 
the ‘ Power of Movement.’ It is founded on a long series of experiments, and is 
written throughout in a spirit of fairness and candour which gives it value, apart 
from its scientific excellence, as a model of scientific criticism. The words 
written on the title-page of the copy presented to my father are character- 
istic of the tone of the book : — ^ In getreuer Opposition, aber in imwandelbarer 
Verehrung.’ A letter printed among my father’s correspondence shows how 
warmly ho appreciated his opponent’s attack both as to matter and manner. 
Wiesner’s opposition is far-reaching, and includes the chief theoretical conclusion 
of the book, namely, that movements such as heliotropism and geotropism are 
moditications of circumnutation. Neither will he allow that this revolving nuta- 
tion is the widely-spread phenomenon we held it to he. According to Wiesner, 
many jiarts of plants which do not ciicumnutate are capable of curving geo- 
tropically, &c. ; he is, therefore, perfectly justiiied, from his own point of view, 
in refusing to believe that such curvatures are derivations from circumnutation. 
lie points out that our method of observing circumnutation is inaccurate, inasmuch 
as the movement is recorded in oblique projection. 'Phis we were aware of/ and 
I cannot hut think tliat Wiesner has unintentionally exaggerated its inaccuracy ; 
and that, if used with reasonable discretion, it cannot lead to anything like such 
faulty records as in the supposititious cases given by our critic. However this may 
be, Wiesner’a results are perhaps more trustworthy than ours, and should receive 
the most careful consideration. 

Wiesner’s conclusions, taken from his own summaries, are as follows : — 

The movement described as circumnutation is not a wide-spread phenomenon in 
plants. Stems, leaves, and acellular fungi are to be found which grow in a per- 
fectly straight line. Some roots grow for considerable periods of time without 
deviating from the vertical. When circumnutation does occur, it cannot be 
considered to have the signiticance given to it iii the ‘ Power of Movement.’ The 
movements observed by Wiesner are explained by him in three different ways : — 

i. As the expression of a certain irregularity in growth depending on the want 
of absolute symmetry in structure, and on the fact that the component cells of the 
organ have not absolutely similar powers of growth. 

ii. As the expression of opposing growth-tendencies. Thus certain organs have 
inherent tendencies to curve in definite planes — for instance, the bending of the 
hypocotyl in the plane of the cotyledons. Wiesner believes that such tendencies, 
when combined with others — heliotropic, geotropic, &c. — lead to alternate bendings 
in opposite directions, according as one or other of the components is temporarily 
the stronger. 

iii. Wiesner allows that circumnutation does exist in some cases. This last 

' Power of Movement^ p. 8. 

X X % 
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class lie considers a small one ; he states, indeed, that ' nearly all, especially the 
clearly perceptible circiimnutations,’ are combined movements belonging to the 
second of the above categories. 

Although I have perhaps no right to such an opinion without repeating 
Wiesner’s work, yet 1 must confess that I cannot give up the belief that circumnu- 
tation is a widely-spread phenomenon, even though it may not be so general as 
we supposed. 

If, then, circumnutation is of any importance we are forced to nsk what is its 
relation to growth-curvatures. It was cou‘^idered by my father to bo ‘the basis 
or groundwork for the acquirement, according to the requirements of the plant, of 
the most diversified movements.’ ^ He also wrote: ‘ A considerable difficulty in 
the way of evolution is in part removed, for it might be asked how did all these 
diversi tied movements . . . . first arise:* As the case stands, we know that there 
is always movement in progress, and its amplitude, direction, or both, liave only to 
be modified for the good of the plant in relation to internal or external stimuli.’ 

Those who have no belief in the importance of circuraiiiitation, and who hold 
that movements may have arisen without any such basis, may doubtless be 
justified in their position. I quite agree that movement miyht be developed 
without circumnutation ha^ino anything to do with the matter. Hut in seeking 
the origin of growth-curvatures it is surely rational to look for a widely- 
spread movement existing in varying degrees. This, ns 1 believe, we have in cir- 
cumnutation : and here comes in w'hat seems to me to be characteristic of the 
evolution of a quality such as movement. In the evolution of structure, each 
individual represents merely a .single one of the umls on wliieh selection acts. 
Hut an individual which executes a number of movements (which may be purpose- 
les.s) supplies in itself the material out of which various adapted movements 
may an.^e. 1 do not wish to imply that tentative movements are of the same 
order of importance as variations, but they are undoubtedly of importance as 
indication of variability. 

The problem may be taken back a stage further; we may ask why circumnuta- 
tion should exist lu tlie ‘Power of Movement’ (p 540) we wrote : ‘ Why every 
part of a plant whilst it is grow mg, and in .some cases after growth has cea.sed, 
should have its cells rendered more tiirgescent and its cell-walls more extensile 
first on one side then on another ... is not known. It would appear as if the 
changes in the cells required periods of rest.’ Such periods of comparative rest are 
fairly harmonious with any theory of growth ; it is quite conceivable by intus- 
.“usceplionists and appo8itioni.sts alike that the two stages of elongation and fixation 
should go on alternately,® but this vv'ould not necessarily lead to circumnutation. It 
might .simply result in a confused struggle of cells, in some of which extension, in 
others elongation, was in the ascendant ; but such a plan would be an awkward 
arrangement, since each cell would liinder or be hindered by its neighbour. Per- 
fection of growth could only be attained wdien groups of contiguous cells agreed 
to work together in gangs, that is, to pass through similar stages of growth syn- 
chronou.«<]y. Tlien, if tlio different gnng.'s were in harmony, each cell would hav'e 
fair play, elongation would proceed equally all round, and the result would be 
circumnutation.^ Whether or no any such origin of circumnutation as is here 
sketched maybe conceived, there can be no doubt that it had its origin in the laws 
of growth apart from its po.ssible utilisation as a basis for growth-curvature. 

It i.s, however, possible to look at it from a somewhat different point of view, 
namely, in connection witli what Vdchting has called rectipeiality? He made out 
the fact tliat when an organ has been allowed to curve geotropically, helio- 
tropically, &c., and is then removed from further stimulation by being placed on 

’ Pon'or of Nm'cmcnt, p. .3. * Loc. cif.^ p. 4. 

■* Strashurger, IlUtolog. Be^triige^ ji, 195, speaks of the pause that must occur 
after the formation of a cellulose lamella. Hofmeister, Wilrttemhurg. Jakreshefte^ 
1874, descrihes the growth in length of Spirogyra as made up of sliort intervals of 
rapid growth alternating with long pauses of slow growth. 

* I purposely omit the circumnutation of pulvini, 

‘ JDw Bervegimg der JJluthen nnd Fruclitc^ 1882. 
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the klinostat, it becomes straight again. This fact suggested to Vochting his 
conception of rectipetality, a regulating power leading to growth in a straight line. 
It may be objected that such a power is nothing more than the heredity, which 
moulds the embryo into the likeness of its parent, and by a similar power insists 
that the shoot or root shall take on the straight form necessary to its specific 
character. But the two cases are not identical. The essence of rectipetality is the 
power of recovering from disturbance caused by external circumstances. When an 
organ has been growing more quickly on one side than another, the regulating 
power reverses this state of things and brings the curving organ back towards 
the starting-point. We have no means of knowing how this regulating pow'er 
acts in undisturbed growth. It is possible to imagine a tvpe of irritability which 
would insure growth being absolutely straight, but it is far more easy to conceive 
growth as normally made up of slight departures from a straight line, constantly 
corrected. In drawing a line with a pencil, or in walking towards a given point, 
we execute an approximately straight line by a series of corrections. If we may 
judge in such a matter hy our own experience, it is far more conceivable that 
the plant should perceive the fact that it is not growing absolutely straight and 
correct itself, than that it should b.ave a mysterious power of growing as if its free 
end were guided by an external force along a straight-edge. The essence of the 
matter is this: we know from experiments that a power exists of correcting 
(‘xcessive unilateral growth artificially produced ; is it not probable that normal 
growth is similarly kept in an approximately straight line by a series of aberrations 
and corrections? If this is so, circumniitation and rectipetality would be different 
aspects of the same thing. 

This would have one interesting corollary: if we fix our attention on the 
regulating power instead of on the visible departures from the straight line, it is 
clear tliat we can imagine an irritability to internal growtli-changes existing in 
varying intensities. With great irritability very small departures from the 
straight line would be corrected. With a lower irritability the aberration would 
be greater before tliey are corrected. In one case the visible movement of 
circumniitation would be very small, in the other case large, but the two processes 
would be the same. The small irregular lateral curvatures which Wiesner allows 
to exisf would therefore be iiructicully of the same value as regular circumnutation, 
wliicli he considers comparatively rare. 

I'he relation between rectipetality and circumnutation may be exemplified by 
an illustration which I have sometimes made use of in lecturing on this point. A 
skilful bicycle-rider runs \ery straight, the deviations from the desired course are 
copiparatively small ; whereas a beginner Svobbles ’ or de\iates much. But the 
deviations arc of the same nature ; both are symptoms of the regulating power of 
the rider. 

We may carry the analogy one step further: just as growth-curvature is the 
continuance or exaggeration of a nutation in a definite direction, so when the rider 
curves in his course he does so by wilful exaggeration of a ‘ wobble.’ 

It may be said that circumnutation is here reduced to the rank of an acci- 
dental deviation from a right line. But this does not seem necessarily the case. 
A bicycle cannot be ridden at all unless it can * wobble,’ as every rider knows who 
has allowed his wheel to run into a frozen rut. In the same way it is possible 
that some degree of circumnutation is correlated with growth m the manner 
suggested above, owing to the need of regular pauses in growth. Rectipetality 
would thus be a power by which irregularities, inherent in growth, are reduced 
to order and made subservient to rectilinear growth. Circumnutation would 
be the outw^ard and visible sign of the proct'ss. 

I feel that some apology is due from me to my hearers for the introduction 
of so much speculative matter. It ma\, however, have one good result, for it 
shows how ditiicult is the problem of growth-curvature, and how much room there 
£till is for work in this field of research. 
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The following Reports and Papers were read : — 

1. Fourth Report of the Committee appointed for the purpose of reporting on 
thepreseiii state of our knowledge of the Zoology and Botany of the West 
India Islands, and taking steps to investigate ascertained deficiencies in 
the Fauna and Flora . — See Reports, p. 354. 


2. Report of the Committee appointed to report on the present state of our 
knowledge of the Zoology of the Sandwich Islands, and to take steps to 
investigate ascertained deficiencies in the Fauna , — See Reports, p. 357. 


3. Fifth Report of the Committee appointed for the purpose of taking steps 
for the establishment of a Botanical Laboratory at Peradeniya, Ceylon . — • 
See Reports, p. 358. 


4. Report of a Committee appointed to make a digest of the observations on 
the Migration of Birds at Lighthouses and Light-vessels which have been 
carried on by the Migration Committee of the British Association . — See 
Reports, p. 363. 


5. Fourth Report of the Committee for the purpose of collecting information 
as to the Disappearance of Native Plants from their Local Habitats . — 
See Reports, p. 359. 

6. Report of the Committee appointed for the purpose of arranging for the 
occupation of a Table at the Laboratory of the Marine Biological Asso^ 
ciation at Plymouth . — See Reports, p. 364. 

7. Report of the Committee appointed for Improving and Experimenting 
with a Deep-sea Tow-net . — See Reports, p. 382. 


8. Non-sezual Formation of Spores in the Desmidiaceoe. 

By A. W. Bennett. 

In at least two gatherings of Besmids from the neighbourhood of Ilindhead in 
Surrey, I have come across a phenomenon which 1 am not aware has been recorded 
before in this family of Algse, viz. the formation of parthenosporos without conju- 
gation. The species was in all cases Closterium lanceolatum, Ktz., and I have at 
present seen four examples of it. In two of them one spore, in the other two 
two spores, were formed within the frond. They appeared spherical or ellipsoidal 
according to the view in which they were seen, and with perfectly smooth surface. 
The frorid.s were distinctly alive, and the longitudinal chlorophyll-bands had under- 
gone but little change from their ordinary form, except where interrupted by the 
intervention of the spore, A similar phenomenon has been recorded in the allied 
Zygnemaceie, 

9. On a simple Apparatus for the Cultivation of small organisms in Hang- 
ing Drops, and in various Oases, under the Microscope. By Pro- 
fessor Marshall Ward, F.R.S. 

The author has found it necessary to devise a culture-chamber capable of sup- 
plying relatively large quantities of gases to the ordinary hanging-drop cultiva- 
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0ion8 of yeasts, bacteria, &c. ; it must also be firm, strong, and readily taken to 
pieces and sterilised by heat. 

lie has accomplished this by taking a piece of thick-walled glass tubing, about 
J inch in diameter and 3 inches long ; the two ends are softened and slightly drawn 
to narrow tubes, not too thin. The piece of glass now looks like a narrow tube with a 
thick-walled bulb in the middle. One face of this central bulb is then ground flat, 
until a hole about A inch in diameter is cut through ; a similar hole is then ground 
in the opposite face of the bulb. The apparatus is now ready to be put together. 

It is sterilised at 160° 0., and cemented by paraffin (or by gelatine in acetic acid), 
by one of the ground faces, to a broad glass slide properly sterilised. Sterilised cot- 
t-on-wool is stufl’ed into the two narrow tubulures, and the hanging-drop culture, 
properly prepared on a sterile coverslip is cemented (by means of sterilised oil, 
vaseline, or paraffin, &c.) over the upper hole of the chamber. 

The apparatus is now ready for use if the culture is required in air only ; a 
elow diftusioii of air and retardation of evaporation may be insured by simply wet- 
ting the cotton-wool in the tubulures with pure water. 

If it is necessary to pass gases into the culture, one of the stuffed tubulures is 
connected by means of caoutchouc tubing (sterilised in corrosive sublimate, abso- 
lute alcohol, and boiling) with the appropriate gas apparatus. The pressure can 
be regulated by the stuffing in this, the proximal tubulure, and by clip or screw- 
taps. The stuffed exit tubulure is also protected by caoutchouc tubing and a clip. 

If a very strong cover-slip and careful cementing are employed, the author finds 
that a very good partial vacuum can be obtained, and even retained for some 
hours. This is very useful in cases where it is necessary to remove the oxygen or 
carbon-dioxide from the imprisoned atmosphere. This may be accomplished more 
or less readily by attaching bulbs containing an alkaline solution of pyrogallic 
acid, or a solution of potassium hydrate. Obviously the apparatus can also be used 
for testing the eflbct of poisonous gases, or for observing the action of light of 
different intensities, or of various low temperatures, and so forth. Obviously, aLso, 
it may be used for testing the action of different coloured lights, and of darkness, 
&c., with certain simple modifications, efj. employing different coloured glass 
tubing, or opalescent or blackened glass for making the culture-chamber, and 
adding various screens, covers, &c., as required. 


10. On some Simple Models ilhistrating the Vascular System of Vertehrates. 
By Professor W. N. Parker. 


11. On the Progress of the Investigation of the Natural History of the 
Friendly Islands. By J. J. Lister. 

At the meeting of the British Association at Bath in September 1888, a Com- 
mittee was appointed for the purpose of taking steps for the investigation of the 
Natural History of the Friendly Islands and other groups in the Pacific visited by 
ir.M.S. Byeria. 

I vas then starting to join the Egcria^ and a grant of 100/, was voted to assist 
mo in carrying out the object of the Committee. At the next meeting the Com- 
mittee reported that I had joined the Egoria on her arrival at Tonga and was 
carrying on my researches. 

1 beg leave to offer the following brief account of tbe farther steps that I took 
in pursuance of my object. 

fl.INI.S. Eger in arrived at Tongatabu on May 23, 1889, and after a short visit 
to the neighbouring island of Eua, I left Tonga for a cruise among the islands 
lying to the northward, between Tongatabu and the Equator. 

In the course of this cruise the Egeria called twice at Samoa, and also visited 
Viti Iawu, the principal island in Fiji, and made surveys of Fakaofu in the Union 
Group, and Canton (or Mary) Island in the Phoenix Group, besides touching at 
several of the neighbouring islands. 
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On returning to Tonga I had the opportunity of visiting Falcon Island, which 
was thrown up by volcanic eruption in 1886, and some of the other less accessible 
islands of the group. 

After tlie departure of the HgeHa in November, I paid two visits to the Vavau 
Islands in the northern part of the Tonga group, and owing to the courtesy of 
Mr. S. Parker of Eua I stayed two weeks with him on that island. 

I finally left Tonga on April 24, 1890, and returned to England at the end of 
the following September. My collections have been disposed of as follows : — 

The geological specimens have been placed in the ^^^oodwa^dian Museum at 
Cambridge. Specimens of the skins and eggs of the rarer birds and collections 
in other groups of animals, in the British Museum of Natural History. The 
collections of dried plants, in the Herbarium of the Koyal Gardens at Kew. A 
small collection of the skulls of the natives of Fakaofu and Tonga in the Museum 
of the Royal College of Surgeons. 

The examination of the material is still in progress, hut the following papers 
have appeared : — 

* AVoodwardian Museum Notes, Sections IV. and V.’ by Alfred Ilarker, 
M.A., F.G.S., ‘Geological Magazine,’ April 1891. 

‘ Rocks from the Tonga Islands/ ‘ by the same author, ‘ Geological Magazine/ 
June 1891 ; 

together with the following by myself: — 

‘A A^isit to the n^'^\ly-emerged Falcon Island, Tonga Group/ ‘ Proceedings 
of the Royal Geographical Society,’ Alarch 1899. 

'Notes on the Natives of Fakaofu,’ read before the Anthropological Society, 
March 1891. 

' Notes on the Birds of the Phoenix Islands,’ read before the Zoological 
Society, April 21, 1891. 

' Notes on the Geology of the Tonga Island.s,’ read before the Geological 
Society, June 24, 1891, 


FRIDAY, AUGUST 21. 

The following Report and Papers were read : — 

1. Ileport of the Committee nominated for the purpose of arranging for the 
Occupation of a Table at the Zoological Station at Nnj/les, See 
Reports, p. 366. 

2. On some Si^ecies of Diatoms with Psendopodia. 

By J. G. Grenfell, F.G.S,, 

The diatoms are two small species of Meh-sira and CychUlla Kutzingiana, 
which occur mainly as isolated frustules and ore iion-motile. They have been 
found in London, Hertfordshire, and AViltshiie. The p.seudopodia are delicate, 
often invisible till the material is dried on a cover gla.ss. Comparativ^ely thick ones 
are occasionally found. Gentian violet and methylene blue are good stains for 
them. The pseudopodia are apparently non-retractile, generally straight, some- 
times branched, but those of the earliest gathering in April wer(3 often repeatedly 
branched. Their number is fairly constant. Most of them are placed fairly sym- 
metrically round the edge of the valves. The length varies from two-aiid-a-half 
to nine times the diameter of the frustule. The diatoms are sometimes connected 
by broad bands which seem to be anastomosed pseudopodia. Very similar bands 

* Thi.s paper includes the description of the specimens collected by Captain C. F. 
Oldham, R.N., in hie survey of 1890. 
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are found amongst tlie Heliozoa. The protoplasmic nature of the pseudopodia is 
inferred from the following facts : — 

They are destroyed by nitric acid and by a low red heat ; they give no cellulose 
reaction with Schultze’s solution or with iodine and sulphuric acid; they stain 
readily with Kleinenberg’s hgematoxylin ; they also stain with borax carmine, 
picro-nigrosin and alcoholic safiranin. Pseudopodia similar in shape are found 
amongst the Heliozoa generally, but pseudopodia agreeing with these in the 
minutest details are found on some specimens of Archerina lioltoni^ a Ileliozoon 
which occurred in vast numbers with the diatoms in Loudon. Other as yet un- 
determined Heliozoa occurring in the same water have very similar pseudopodia. 


3. 0)1 Nuclear Structure in the Bacteria. By Ha hold Wagee. 

Owing to the small size of the cells in the bacteria, the presence of a nucleus, 
or of anything aldn to nuclear structure in them, has not yet been satisfactorily 
demonstrated. Dr. P. Ernst, has, however, described certain bodies which to him 
appeiired to bo of the nature of nuclei, inasmuch as they possessed a reaction 
towards reagents different from that observed in spores. 

It is interesting to note that in the closely allied group of the CycinophycetE, 
Scott and Zacharias have been able to detect structures resembling a nucleus. 

According to Dutschli, the central portion of the protoplasmic contents of the 
bacterium cell is to be regarded as of the nature of a nucleus, in that it takes up 
very readily certain aniline dyes. It should be noted, however, that such stains 
as ha^matoxylin, carmine, saffranin have but little staining power for the contents 
of the bacterium cell, comx)ared with such stains as gentian violet, fuchsin, &c., 
which stain them deeply, but which also stain the protoplasm of the cells of higher 
plants almost as deeply as the contents of the bacterium cell. This seems to show 
that the bacteria contain very little of the chromatic substance which is found in 
the nuclei of the higher plants. The author of this paper has for some time 
been working at the bacteria in the hope of elucidating this point, and has 
obtained a liacilliis in wliich a distinct nuclear structure can be observed. 

The bacillus referred to forms a thin scum on the surface of water containing 
Spiroyyra in a state of decay. The cells, which consist of short rods, occur either 
singly or in pairs. They are about 2*5 to 3 p in length, and from 1*3 to 1-5 /x in 
diameter, and when seen in a fresh state one or more brightly refractive granules 
can he observed in each cell. In cover-glass preparations stained with fuchsin, all 
stages in the division of the bacillus could be observed. The preparations should 
be made during the earlier stages of the development of the scum on the surface of 
the water, while the bacillus is in a healthy state of division. 

Ill the centre of each cell a substance deeply stained by the fuchsin is fbund. 
This in young colls consists of two rods placed side by side, with a less deeply 
stained substance between them, the whole being surrounded by a very thin 
membrane which is only visible at the two ends. This is the structure which we 
may call a nucleus. It is surrounded by a space containing a substance which is 
only slightly stainahle, and this again is surrounded by a deeply-stained membrane, 
outside which is the slightly stained gelatinous envelope. Previous to its division 
the cell elongates; the nucleus also elongates and contracts slightly about the 
middle of its length. A dumb-bell shaped structure is thus obtained. The two 
rods divide completely, so as to form two groups, containing two rods each, which 
remain connected together for some time by the less deeply-stained portion of the 
nucleus. The constriction becomes more and more pronounced, until finally the 
two halves of the nucleus are completely separated. The outer capsule or cell- 
wall has meanwhile been contracting towards the middle, the contraction keeping 
pace with the division of the central mass. This contraction goes on until at a 
certain stage a delicate transverse partition appears, dividing it into two ; each 
half contains one of the halves of the original nucleus. Ultimately the two halves 
become completely separated, and two new cells are formed. 

In the majority oi cases the cells are completely separated before the division 
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of the nucleus a<?ain begins, but in many instances the nuclear rods were seen to 
be dividing in cells which were still connected with each other. 

After a time the division of the cells takes place less rapidly, and finally ceases 
altogether. The division of the nucleus becomes very irregular, and at the time 
when cell division has ceased the nucleus has become broken up into granules winch 
are distributed irregularly in the contents of the cell. 

This breaking up of the nucleus appears to be preliminary to the formation of 
spores, although the formation of spores has not been satisfactorily observed. 


5. A Biscussiori was held on the Systematic Position of certain Organisms 
that are regarded hy some Naturalists as Animals, and hy others as 
Plants. 


SATURDAY, AUGUST 22. 

'fhe following Papers were read : — • 

1. On Anatomical Nomenclature. By Professor W. Krause, Gottingen, 

The subject of the paper, ‘ Anatomical Nomenclature,^ may seem to be only of 
interest to the anatomist in the dissecting-room. This is, however, an error, for 
the names of several parts of the body occur in every branch of Biological Science, 
Zoology, Embryology, &c., and especially in the practice of Medicine and Surgery. 
There have been and there are many complaints that a great many parts of the 
body have not one but several different anatomical names, for instance — conarium, 
pineal body, epiphysis. This state of things has every year Ix^come worse and 
worse ; in CTermany, especially, it has become almost insupportable. 

The reason is obvious, Germauy was and is not united in the administration 
of the internal affairs of the single states, and every state, and even every little 
university, has had and has to-day its own anatomical nomenclature. If one com- 
pares the anatomical papers and the handbooks of different nations, one meets with 
the same difficulties. In Germany, however, there are still greater difficulties to 
face. Here in the same university sometimes different anatomical nomenclatures 
exist. Much time and labour are lost by student and teacher owing to these 
differences. 

This laboui; is completely lost, because it is and it must be of little importance 
whether this or that name be given to a particular muscle or a particular artery. 
Sometimes confusion and misunderstandings arise, but the worst is that the mere 
reader is unwilling or does not care to translate the anatomical terms of an author, 
foreigner or otherwise, into his own anatomical terminology. So reading becomes 
superficial ; the reader understands the words but not the real meaning of the 
author. This state of tilings cannot last, and so a Committee has been elected for 
preparing, not a new one, but at least a homogeneous nomenclature. This Com- 
mittee consists of seventeen anatomists, of whom twelve are Germans and four or 
five from other countries. Sir William Turner from Edinburgh and Professor 
Cunningham from Dublin represent Great Britain. This Committee has begun to 
work in earnest, and has already done much. The author referred to a little 
paper, only three pages, which contains nothing but the names of the muscles of 
the human body, but much work had to be done before it was completed. Now 
Germans can, at least, answer the question, if a foreigner should ask, ^ What is 
the German name for a certain mu.s(;le ? ’ A year ago no German anatomist could 
have giv en any answer but ‘ I do not know, some call it the trapezius, others the 
cucullaris.’ In conclusion, the author said, * In two or three years we shall have 
finished the whole, and then we shall ask the anatomists of other countries to 
give their candid opinion on the results of our labours.^ 

Some general principles have already been laid down by the Committee. 

Firstly : The name should be as short as possible. 
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Secondly : Personal nomenclature should not if possible be used. There are 
some anatomical names which are known in every country, as ‘ Hunter’s canal/ but 
a great many are known only in one country. There are little nodules on the 
margin of the semilunar valves of the pulmonary artery : some call them ^ nodes 
of Arantius,’ others the < nodes of Morgagni ’ ; but Arantius certainly never saw* 
them. ^ There is a prominence on the external ear of man, in Germany known as 
* Darwin’s prominence,’ but in England it is often called ^ Woolner’s tip/ and so on. 

Thirdly : No part of the body should have more than one name ; more 
synonyms only cause confusion. This name shall always be a Latin one ; every 
nation can afterwards easily translate it after its own fashion. Latin is the only 
real international language, and by adopting it we hope to have a sound 
foundation, 

Note. — A n 3 '-one who may wish to have a copy of the paper referred to above is 
requested to apply to the author. 

2. On Fertilimtion and Conjugation Processes as allied Modes of Proto- 

plasmic Bejuvenescence. By Professor Marccs Hartoo, M.A,, D.Sc.^ 

F.L.S. 

3. A Preliminary Classification of Sexual and allied Modes of Protoplasmic 

Bejuvenescence, By Professor Marcus Hartog, M.A., D.Sc,. 

F.L.S. 

I, The following modes of rejuvenescence occur in cellular and in certain apo- 
cytial organisms : — 

A, Plastogamy : the fusion of cytoplasts into a plasmodium, the nuclei 

remaining free {Myxomycetes). 

B. IvARYOGAMY : the union of cells (gametes), cytoplast to cytoplast and 

nucleus to nucleus, to form a 1-nucieate cell, the zygote. The following 

variations occur : — 

1. Isogamy. The union of gametes undistinguishable in size, form, 

and behaviour ; this may vary as follows : — • 

(g) IMulttple : between several gametes (up to 6). 

(/>) Binary : between a pair of gametes ; 
or, from another point of view — 

(c) Indifferent : bet\veen any gametes of the species. 

{( 1 ) Exogamous: between gametes of distinct broods only 

(Ulof/irix). 

(c) Endogamous: between gametes of the same brood only 

(^Ilydrodictyon). 

2. Anisogamy the union of two gametes differing chiefly in size ; the 

smaller (rnicru-) gamete is male, the larger {mega-) gamete, 
Hyi’ERANISogamy : the female gamete, at first active, comes to rest 
before fusion with the male (Lower Melanophycece). 

4. Oogamy ; ’fhe female is never actively motile j the male is termed a 

spermatozoon, the female an oosphere. 

From another point of view” kary’ogamy is — 

5. ZooiDiOGAMous ; one gamete at least is actively motile (flagellate, 

ciliate, or amoeboid). 

G. SiniONOOAMOUS : karyogamy is effected by a tubular outgrowth 
from one or both of the gametes {Phanerogams). 

' Examples are only given in cases where it is necessary, from the introduction 
of new terms, or where the examples are not generally familiar. 
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.cytinl fiing-i mill tin ucleated masses of protoplasm (gamefoids) nlay 
Q:ate to form a zygotoidy by a siplionogamous process. The union 
be isogamous (most Mucorhii), or anisogamom {M. heteroganmSy 
some Chytndiecc), 

iUetes may be classified as follows: — 

*\ccording to their formation — 

1. Euschist : formed by repeated complete diiisions from a parent cell, 

the garnet ogonium. 

(a) Euthyschist : each nuclear di\ ision is accompanied by cell 
division. 

{b) Bradyschist : the nuclear divisions are completed before any 
cell di^ ision tabes place (spermatozoa of Lumbricus). 

{(') IsoscHiST : the brood-cells of a gametogoiiium are all equal 
and functional. 

((/) Anisoschist : the brood cells are unequal, some of them 
b(‘iug reduced to aborted or degraded gametes (spermatozoa 
with ^ nucleated blastopliore/ ‘ ovum ’ with polar bodies of 
most Metazoa). 

2. ITemiscuisi : the divisions are limited to the nucleus, none occurring 

in tlie cytoplasm (ovum with ])olar nuclei of many Arthropods). 

3. ArosCHlST : the cell divisions do not occur, but a cell directly assumes 

the behaviour of a gamete {Volvo i). 

4. Symphytic : the gameto-nucleus is formed by the fusion of several 

nuclei (oogsmetes of Pero/ioywrevr, ihOgametes of DasijcladuV), 

15. According to their /W/nriawr, as — 

1. Facultatim:: retaining the power of development if karyogamy 

fails to occur. 

2. Oblioatory : witli no power of independent development. 

IV. PARAOEXEhis will iiicludc the following modes of rejuvenescence, usually 
grouped under the terras ‘ parthenogenesis/ ^ apogamy ’ {pro 2^artc), &c. : — 

A. True Parthenogenesis : the direct development of a facultative gamete 

w ithout karyogamy. This may occur in the case of - 

(1) Isogametes ; (2) Anisogametes, male (inicrogaraetes of 
and female; (3) Oogametes {Liparii*, drone egg). 

11. SiMUE.VTED Parthenogenesis : — 

1. Cr.LLUEAR: a cell assumes directly the behaviour of a zygote (azy- 

gospores of ConjugaUi). 

2. Apocitjal: a multinuclcate mass of protoplasm assumes directly 

the behaviour of a zygotoid (azygospores of Mucorini), 

C. Metagametil Rejuvenescence: — 

1. Unicellulvr: a single cell in the neighbourhood of tlio gamete 

assume.s the form and behaviour of the zygote (formation of 
‘ adventitious embryos ’ in embryo-sac of Funida, Citrufiy and 
Valebogijne). 

2. Multicellular : a mass of cells in the position where gametes 

should be produced, assumes the character of the young organism 
formed by the zygote (^Apogamy 'in protlialhis of Ptcris cretica, 
See.). 

B. Paragamy or Endo karyogamy : vegetative or gametal nuclei lying in a 

continuous mass of cytoplasm fuse to form a zygote nucleus. 
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1. Progamic paragamy: the fusing nuclei are tlie normal gameto- 

nuclei of the progamous cell (ovum whicli has formed one polar 
body in Pterotrachma, Ai^tropectori). 

2. Apocytial paragamy : the vegetative nuclei of an apocytiiim fuse to 

form a zygote nucleus oospores' of Sajjrolpy niece). 


4. On JRecent Investigations of the Marine Biological Association {Fishery 
and Physical). By W. L. Calderwood, Director. 

1 . Fishery Investigations. — In the absence of general returns as to the increase 
or decrease of any particular fishery in a given locality, we at Plymouth are from 
time to time discussing the local lisheries. Papers have now been published on 
the mackerel, herring, long-line, i.e. cod, conger, skate, See., pilchard, and lobster 
fisheries, the object being to show, as time goes on, any changes that may take 
place in the relative abundance of tlie various fishes. 

Three investigations, started within the present year, which it is hoped will 
prove of great value to tlie fishing population of this country, arc : — 

a. The attempt to produce an artificial hait for use in long-line fishing. This 
investigation is being carried on by a chemist from Professor Aleldola’s laboratory. 
Considerable advance baa been already made towards a satisfactory solution of this 
difficult problem. 

b. An inquiry into the occurrence of anchovies off the south-west coast of 
blngland. At present no net small enough in the mesh to capture anchovies is 
employed, hut these fishes appear so often when the ordinary pilchard nets become 
<‘ntangled, as to suggest that they must be present in considerable quantities. 
Anchovy nets have therefore been constructed and will be used during the pilchard 
season this autumn. 

c. An investigation into the condition of the North Sea Fisberics, at present 
declared to be rapidly declining : — 

1. To draw up a liistory of the North Sea trawling grounds, comparing the 

present condition with the condition, say, twenty to thirty years ago, 
when comparatively few boats were at vvwk. 

2. To continue, verify, and extend observ^ations as to the average sizes at 

which prime fish (soles, turbot, brill) become sexually mature. 

S. To collect statistics as to the sizes of all fish c}i])tured in the vicinity of 
the T)ogger Hanks and the region lying to the eastward, so that the 
number of immature fish annually captured may eventually be esti- 
mated. 

4. To make experiments with beara-travvl nets of various meshes, with a 
view to determine the relation, if any, bcdweeii size of mesh and size 
of fish taken. 

2. Physical Investigations. — ^A regular survey of the English Chanuel has been 
commenced not only in the deep water but in the various estuaries. 

A Meteorological Station of the second order has been recently established 
where observations at 9 a.m, and 0 p.m. will be taken daily with wet and dry bulb 
thermometers, barometer, rain-gauge, anemometer, and suiisliine recorder. 


5. On the Growth of Food-fishes and their Distribution at different ages. 
By J. T. Cunningham, M.A. 

As the result of observations extended over the past two years, I have reached 
some conclusions as to the rate of growth of certain food -fishes, the age at which 
they begin to breed, .and their distribution at different ages. 

(1) Bate of growth and age of se.iual maturity . — Numerous specimens of the 
Flounder {Pl.Jlesus), were reared from the larval state in the Aquarium of the 
Plymouth Laboratory. Measured in April, when a year old, they varied from 4 
to 10 cm. (about to 7\ inches). Specimens obtained in the Cattewater, and 
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known to be not less than a year old, are from 12 to 19 cm. in length. None of 
these captive flounders nor any taken in the Cattewater were sexually mature, but, 
according to Dr. Fulton, of the Scottish Fishery Board, sexually mature flounders 
have been observed which were only 7 inches long. 1 conclude therefore that (a) 
the rate of growth varies greatly for diflereut individuals, but its maximum for the 
first year is 19 cm. or 7^ inches, (6) sexual maturity is not reached till the end of 
the second year, although the minimum size of sexually mature individuals may he 
slightly exceeded by some specimens in one year s growth. 

I have obtained similar results for the Plaice (PI. platessa) and the Dab (PI. 
limanda). 

(2) Distribution . — The young of the above-mentioned species in their first year, 
and of certain round fish, especially Gndus luscus and O, miniUus, occur in shallow 
water, within the 10-fathom line. But there has hitherto been considerable diffi- 
culty ill obtaining young specimens of other more valuable species in order to study 
their rate of growth. These species, namely, the Sole, Turbot, Brill, Lemon Sole, 
Megrim (Arnoglossusmeyastoma)^ do not pass the first year of their lives in shallow 
water. I have obtained young Soles in the larval state in tidal pools at Mevagissey, 
and young Turbot and Brill 2 to cm. in length are commonly found from June to 
August in Plymouth Sound and Sutton Pool, swimming at the surface in a semi- 
metamorphosed stage. Soles a little over IG cm. in length are frequently taken in 
Plymouth Sound in summer ; these are just over one year old and are not sexually 
mature. Turbot 23 to 34 cm. long I have taken in 5 to 7 fathoms ; these also are 
over one year old and not sexually mature. But the young' stages between 3 
months and 12 months old have not been taken in shallow water, and apparently 
live at depths greater than 10 fathoms. It seems that our commoner and more 
valuable food-tishes do not attain to sexual maturity till the end of their second 
year, that their size at this age is subject to great iudividual variation, and that 
the young in the first year of growth have a characteristic distiibutiou. Investiga- 
tion of the deeper water from this point of view is now being carried on at 
Plymouth, 

6. The Reproduction of the Pilchard. Ihj J. T. CuNNi5fGiiAM, 3I.A. 

In a paper published in the ^Journal ’ of the Marine Biological Association in 
1880, 1 described the egg of the Pilchard, obtained from the sea by the tow-net, 
and identified by comparison with the mature egg taken from ripe female Pilchards. 
The distinguishing features are four in number: (1) size* pt).*) to 172 mm. in 
diameter, (2) the very large perivitelline space, (3) the vesicular composition of 
the yolk, (4) the large single oil-globule in the yolk. 

Professor Pouchet, who lias studied the Sardine at the Marine Ijahoratory of 
Concameau, persists in denying that this egg obtained by me is thatof tlie I’ilchard, 
believing that the egg of the Sardine or Pilchard is not pelagic.' My identi- 
fication confirmed that suggested by Raffaelle from observations at Najiles. Marion 
at Marseilles has entirely confirmed my results and also traced the growth of tho 
Sardine at that place, showing that it reaches a length of 0 to 13 cm. in one year. 
This year at Plymouth, in June, I obtained ripe female Pilchards, hut no males. 
However, I placed the ripe unfertilised ova in clean sea-water, and found that after 
twenty-four hours the ova were alive and floating, the perivitelline space was 
formed, and the eggs presented all the characteristic peculiarities I had previously 
attributed to the ova of the Pilchard. I also at the same lime obtained the same 
eggs in process of development from the sea, by means of the tow-net. In July I 
obtained the alevins of the Pilchard at the surface near the Eddy stone, a numoer 
of specimens varying from *8 to 2*6 cm. in length. 1 hope to trace their further 
growth and compare it with that of the Mediterranean Sardine. The ripe Pil- 
chards at Plymouth are 23 to 25 cm. long, ripe adult Sardines in the Mediterranean 
are only 15 to 18 cm. 

* See ‘ Rapport sur le Lab. de Concarneau for 1889,' in Journal d'Anat. et de 
Physiol. , 1890. 

* Annaks du Music ^Histoire Nat. dc MarscUkt ‘Zoologic Appliqu6e,’ 1891. 
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7. Observations on the Larvae of Palinurus vulgaris. 

By J. T. Cunningham, M.A. 

On July 9 and IG of the present year I obtained a large number of the 
Phyllosoma larvae of Palinurus vulgaris. Previously, in the summer of 1889, 
the eggs of this species were hatched in the tanks of the Plymouth Laboratory of 
the Marine Biological Association, and I preserved a number of the newly hatched 
larvae. The latter are 3T mm. in length from the front of the cephalon to the end 
of the abdomen. The largest of these taken in the sea are 7 mm. in length. I 
find that the first maxilliped is not absent altogether at any of the stages I have 
obtained ; it is represented in the newly hatched larvae as a small but distinct 
conical process, and does not increase or decrease in any way up to the oldest stage 
I have obtained. In the Phyllosoma of 7 mm. the antennm are more developed, 
the fourth and fifth ambulatory appendages, present at hatching as minute processes, 
have developed considerably, the fourth being already biramous. Richter’s state- 
ment therefore (‘Zeitsch, f. wiss. Zoologie,’ 1873) that the first maxilliped is 
entirely absent in Palmurus phyllosoma in the earliest stages is not true in the 
case of P. vulgaris. I find also that stages of Phyllosoma figured and described by 
Claus {ibid. 1863) from 3*5 mm. to 21 mm. in length, are certainly larvae of 
P. ridgariSf although this identification seems never to have been definitely 
made before. 


8. Bistrihution of Crystallogobiu.s Nilssonii, GilL 
By J. T. Cunningham, M.A. 

I obtained this species in large numbers on July 9 of tin* present year when 
trawling* with a small beam-trawl about two miles north of the Eddystone, in 
about tw^enty-aeven fathoms of w'ater. Day mentions only one specimen found in 
British waters, namely, one taken by Thos. Edw^ard in a rock-pool at Banff. This 
specimen Avas a male. The species is distinguished by having only two rays in 
the anterior dorsal fin in the male, this fin and the pelvic fins being rudimentary 
in the female. The fish is quite transparent when alive, and scaleless ; the mature 
male is about 4 cm. in length, the female smaller. There is a good paper on the 
species by R. Collett, of Christiania, in ^Proc. Zool. Soc.’ for 1878. It is there 
stated that the fish is fairly common in the Christiania Fjord, thirty specimens 
having been taken there. A few .cipecimeus have been taken near Ikirgen, at 
Christiansund, and also in Bohuslan, ill Sw'eelen. I took in a single haul about 
100 .specimens, more than all those that had been taken in Norway and Sweden 
since 1843, when the species was first discovered. All my specimens were adult 
or nearly so, which agrees with Collett’s conclusion that the fish is an annual, 
dying after breeding. Mr. E. W. L. Holt also took many specimens of the same 
species in Balliihskelligs Bay, thirty fathoms, on August 21, 1890. The shrimp 
trawl used by me was lined inside with mosquito netting, on purpose to retain 
small animals. Probably the species is fairly abundant bet-ween tiventy and thirty 
fathoms, on smooth saiuly ground, all along the British and Irish coasts. 


MOXBA i; A UG UST 24 . 

The following Papers were read : — > 

1. Facts regarding Prothalli and the Propagation of Ferns. 

By E. J. Lowe, F.B.8., F.L.S. 

OccaBionally in a batch of seedling ferns there will occur several plants of some 
strangely marked variety identical in their characters and growing so closely to- 
gether that it is difficult to separate them. I have lonjr suspected these were pro- 
duced on the same prothallus j indeed this seemed evident in four instances of 
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remarkable seedling A.thynums, yet the development was too far advanced for 
absolute certainty. To examine tiiis carefully, a number of Scolopendri urns were 
planted in the prothalliis state, and on the young fronds appearing, two were 
noticed identical in character and unusual in form, which when examined were 
found to have their origin in one well-developed prothalliis. \Mth a penknife it 
was possible to di\ide the prothalliis so as to secure the two plants, which were 
planted in a pan and have not since been disturbed. 

Prothalli were then planted from a pan of mixed muricatc and undulate Scolo- 
pendriums, and these were divided before the formation of fronds into two equal 
parts, ill some examples the two plants resulting were alike, in others they differed 
but showed their nuiricate and undulate origin. 

The next experiment was dividing the prothalliis into four equal parts. This 
was done in January 1888. Every division grew and spread in a more bush-like 
manner than is the case with imdivided prothalli, but up to July 1800 there was 
no sign of any frond. It appeared evident that the mule and female organs of 
generation were on separate divisions. To test tliLs, in May 1890 another prothallus 
was planted in close proximity to one of these, in fact made to actually inter- 
mingle, and in August fronds appeared. The other divisions except four were 
similarly treated, and all have now produced fronds. TMie spores had been sown 
in August 1837, and divided on January 1:?, 1SH8, so that the prothalliis exhibited 
has been in tliis condition four years. The usual time from prothalliis to frond 
being only a few months. 

In an interesting example of the lady fern (alluded to in the next paper), apro-- 
thallus produced three plants exactly alike and having two kinds of fronds. It was 
from a mixture of eight varieties, and these show the ])arentage of six, and now and 
then seven. Tliey have the lax pmiue of unemn, the cruciate plume of Victorioff 
tlie projected pinme of prqjWinrn, the lunulate pinnules of the cruciate 

pinnules of crucipinula, th(i truncate terminals of iruuvafum, and occasionally the 
cresting of multijidnm. This fern has reproduced six and occasionally seven 
characters. According to the doctrine of probability it is 7 JO to 1 against the 
production of six varieties on the same plant, and 5,040 against seven. 

Turning to other means of reproduction, experiments are required in order to 
Ascertain why tlie bulbils that form on some froi ds do not always produce plants 
like the parent, and why it is possible to transfer the bulb-bearing cliaracter to 
other varieties. Scolopendri mn denmm oft(*n produces much mor»‘ coars(‘ and loss 
dividi^d ferns than itsidf. [Dejisujyi and ont‘ of its coarse bulbils were exhibited.] 

The bi'autiful plumose shield fern known as plumosodivisolohum has produced 
two plants from its bulbils that are .strikingly distinct from the parent and each 
other; one is densidy imbricate and procumbent like the parent, whilst the otlu'r 
is as tinely divided as Todea superbOf and is <‘rect in habit. 

Again, aposporous plants, that is those rai.sed from the prothalli direct without 
the int<‘rmediat(3 spon‘, also vary. [An aposporous plant of (darissima of the 
Lady fern was described.] Even plants raisi'd from bits of the stipes of plumose 
Scolopendri urns produced a marginal belt. 

There art' so many truths yet to leant with regard to ferns that it i.s di'sirable 
that some younger man should take up these inquirii*.**. 


2. On Ferns and their Multiple Parents, By E. J. Lowe, F.R.S.f F.L.S. 

Colonel Jones and myself read a joint paper on abnormal Ferns at the Bath 
meeting of the Britisli Association, which is printed in full witli illu.strations in 
the third volume of the ^Annals of Botany.’ The present paper is a report on 
further experiments, and of the surprising discoveries that have resulted. 

Since 1887 other hybrids have Deen obtained, and although these hybrids are 
more or less sterile, a few plants (grandchildren of the original jiarents) have been 
raised, and they differ so much from the parent that nearly all resem bianco has 
disappeared. What will be the characters of the great-grandchildren is now in 
course of proof. It is very different in the case of the offspring of crossed varieties : 
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they a**© copiously fertile, and when sown alone reproduce their varietal form. 
Kofc only have certain forms been imparted to other Ferns, but even variegation, 
notably so in the Shield Fern and the Ilart’s-tongiie. In the latt(3r spores from a 
normal but variegated form were sown thickly with a plumose (or crispum form) 
and a branching form, and their offspring have become variegated. By sowing a 
muriate and a plumose Hart’s-tongue together, muriate plumose varieties have also 
resulted. 

For illustrating multiple parentage the Hart’s- tongue lias been selected, as the 
simple, strop-shaped fronds are best able to show the various departures from the 
normal form. 

In repeating the experiment of mixed spores the varieties in each case have 
been limited to three or four, so that the resultant changes could be more narrowly 
investigated. Distinct mixtures Avere sown in 1887, 1888, 1880, and 1800, and 
the results in all the experiments established the fact that the antheridia of more 
than one variety have assisted in the impregnation. The varieties liad con- 
spicuously distinct characters, and in the example of 1888 tlic spores were 
gathered from a dwarf spiral form, a miiiicato or warty form, an undulate and a 
ramose one ; more exactly speaking, tlie varieties were spirale, iindulatum, muri- 
catuniy and keratoides. The parents were exhibited as well as three of their 
children, the latter having the names of qiindripareiis, DarR'inia7m,^m\ cchinaium. 
These unmistakably show on each plant the characters of tlie whole four parents. 
In the hundreds of these seedlings, as might he expected, the majority show only 
the characters of two parents, in a less though considerable number the characters 
of three, whilst a small number exhibit those of the four paients. The plants in 
the 1880 experiments are from a muricate, a branched, and a cup-bearing form, 
known as the object being to obtain cups on a branching muricate 
Fern, as this was a desideratum. There was no previous example of more than 
one cup on a frond. In the seedlings a divided frond can be observed with cups 
on each division, a tasselled form with a rosette in place of an actual cup, and in 
another example a marginal ro\A" of small cups ; and all are muricate. It is Avorth 
remarking that the seedlings from mixed spores never seem to produce any plants 
that exactly resemble any one \ariety ; they are all combinations, in other words, 
antherozoids from a number of different antheridia are requiied for fertilisa- 
tion. Ill soAving varieties of the I^ady Fern 1 haA'e raised the combination of five 
and six. This is alluded to in my paper ^On Prothalli.’ Tho'>e plants that give 
evidence of multiple parentage Avere obtained in the identical manner formulated 
before they had any existence. Spores require to bo soAvn thickly to enable the 
prothalli to intermingle, otherwise they are only fertilised from the same pro th all us. 
If we take tlie reasoning of Sir John ilerschel on the doctrine of probability, and 
apply it to tliese experiments, the chances against the reasoning adopted being 
incorrect are as great as that of the hapliazard distribution of the stars. These 
experiments regarding the changes in animal and vegetable life Avere commenced 
forty years ago. Bearing to some extent on this subject, experimenting on the 
iNlimulus, a yellow variety Avas crossed with a spotted one, and the seedlings AA^ere 
spotted; later on, and further up the same stem, two blooms were this time 
crossed with a yellow one, hut the seedlings were still spotted. The effect of the 
first cross had become a part of the life-history of the plant ; in a second experi- 
ment the same plant w.as simultaneously crossed with pollen from two other 
varieties, and several of the seedlings are combinations of the three. It requires 
dexterity in crossing the ^Miinulus, as the pistil is as sensitive as the sensitive 
Mimosa. Natural changes are slow, hut culturally we can accelerate that process 
that continues age after age. The germ once changed, the new element is re- 
tained, which becomes combined with others until the normal appearance is lost. 
The illustration of the Ilart’s-tongue shows this alteration, helped on as it were by 
artificial means that have accelerated the process, and these changes will continue 
whilst the Avorld lasts. Affectionate respect causes tablets to be erected in 
memory of the departed, hut age obliterates this record. It is, however, far 
different with the philosopher who has discovered great truths ; he has erected a 
monument to himself * more lasting than brass.’ Time wears away the hardest 
1891. Y Y 



690 Bepobt-^ 1801 , 

rock, but it will require the crumbling of this world to obliterate the truths that 
have been taught by Charles Darwin. 


3. The Ciliated Organs of the Leeches. By Professor Gilson. 

It is well known that the segmental organ of the Chetopods terminates in the 
coelom in the form of a funnel-shaped and ciliated structure. 

In the leeches, on the contrary, though it is generally taught that there exists 
a similar feature, oiu: knowledge of it is imperfect. 

Several authors confess that they have not been able to detect in these worms 
any relation between the segmental organ and certain ciliated bodies that have 
been regarded by others as terminal funnels or nephridiostome. 

I have undertaken with one of my pupils, Dr. Bolsius, several researches in 
order to resolve if possible that interesting question. I shall content myself with 
an extremely short account of the results we arrived at up to the present as 
regards the genus Nephelis. 

The ciliated orgaus of the Nephelis are not funnel- but cup-shaped bodies, with 
a non-perforated bottom. The sides of the cup are composed of large bilobed 
cells. The bottom, on the contrary, consists only of smaller and non-ciliated cells. 

This cup hes enclosed in the cavity of a large vesicle, from the sides of which it 
vibrates freely, being only suspended by a small number of large connective cells. 
The vesicle is only a dilatation of one of these non-contractile blood-vessels that 
represent, according to the view of Dr. Bourne, the greatly modified coelom of the 
leeches. It lies at a certain distance from the segmental organ, and is ordinarily 
separated from the same by muscles or connective cells. 

The result of these observations is that the ciliated organs of tlie Nephelis 
deserve by no means the name of funnels, and that there is no anatomical 
connection between them and the segmental gland. 

^^^e can assert also that this gland does not open into the coelom, at least not 
in certain genera of leeches, and especially the Nephelis ^ as it does in the well- 
known case of the Chetopods. 

The absence of connection betw’een the ciliated bodies and the segmental 
gland seems to be a result of the profound modification the coelom undergoes 
in these remarkable forms of annelids. 

The terminal or coelomic part of the segmental organ is separated from the 
rest of the gland, and as this separation is not followed by immediate degeneration 
of the nephridiostome, it seems evident that the latter — that is to say, the cup- 
shaped organ — acquires at the same time a new significance and another 
physiological function. 

As regards this new function we may propose two hypotheses which do 
not exclude each other : — 

1. The cilia cause the Hood to run through the non-contractile capillaries; 
at least they help its motion through the ccelomic system. 

2. The organ is a place of prHiferation of the blood-cells . — In fact the 
cup-shaped organ is ordinarily crowded with blood-corpuscles, the nuclei of which 
are often remarkable for their chromatophile power. We detected also amongst 
them several phases of karyocinesis. 

These results, I think, are noteworthy for anyone who is interested with 
the position of the formation and evolution of the segmental organs and with the 
kidney-theory. They will soon be published in full in the Louvain Review 
^ La Cellule.' 


4. Some Points in the Early Development of Mus muscuUis and Mus decu- 
manus : the Belation of the Yolk Sac to the Decidua and the Placenta. 
By Arthub Robinson, M.D. 

1. At the seventh day the ovum consists of a large yolk sac and a small mass 
of primitive epiblast which rests upon one pole of the ovum. The ovum is con- 
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tained witliin a crypt in the distal wall of the uterine cavity, and the uterine 
epithelium is disappearing from the walls of the crypt. 

2. A few hours later the primitive epiblast divides into formative epiblast and 
trophoblast. 

3. During the latter part of the seventh day the troplioblast rapidly increases, 
becomes closely attached to the decidua, and pushes the formative epiblast towards 
the yolk sac, which becomes invaginated. The non-invaginated portions of the 
yolk sac lie in direct contact with the decidua, in Which numerous slit-shaped blood 
spaces have appeared. 

4. In the early part of the eighth day the walls of the ovular crypt, which 
sprang from the distal side of the uterine cavity, fuse with the proximal wall of 
that canal, and thus the crypt is converted into a closed space, and the continuity 
of the uterine canal is interrupted. The greater part of this space is occupied by 
the ovum, but at the mesometrial and anti-niesometrial ends portions of the cavity 
remain, and are transformed into maternal blood sinuses. The blood in the meso- 
metrial sinus bathes the proximal end of the trophoblast, and that in the anti- 
mesometrial sinus bathes the distal end of the yolk sac. Further, by the 
disappearance of the inner wall of the slit^sliaped spaces at the sides of the yolk 
sac the maternal blood is brought into direct relation with a large part of the 
circumference of the yolk sac, and spaces which have in the meantime appeared in 
the trophoblast also become filled with the same fluid. 

5. During the ninth day the coelom i.s formed, and the allantois, which is a solid 
mass of mesohlast containing no diverticulum from the alimentary canal, grows 
into the cmlom, but it does not become attached to the trophoblast until the 
eleventh day. 

0. Between the ninth and the seventeenth days the decidua refiexa gradually 
separates from the distal wall of the uterus, and the continuity of the uterine canal 
is re-established. The decidua refiexa is reduced to a thin membrane, and the 
circulation ’svithin it ceases. When these changes are accomplished the distal part 
of the vitelline cavity is obliterated by the apposition of its walls, but the proximal 
portion remains; and by means of diverticula, which project from it into the 
placenta, the intimate relation of the yolk sac to the maternal blood is maintained 
after the circulation in tlic decidua refi(‘xa lias terminated. 

7. The close relation of the yolk sac to the maternal blood suggests the idea 
that the sac itself is an important agent in the early nutrition of the embryo, and 
the peculiar relation.ship of the liypoblast to the placenta indicates the possibility 
that the hypoblast colls play some special part in embryonic nutrition. 


-5. Ohservaiions upon the Development of the Spinal Cord in Mus muscAihis 

and Mus decumaims : the Formation of the Septa and the Fissures, 
Ihj Arthur Robinson, M D. 

1. At the eleventh day the spinal cord is a hollow rod of nucleated protoplasm. 

2. Within a few hours tlie neuroblasts are difierentiated. 

3. On the twelfth day the formation of the grey matter commences, and tho 
rudiments of the wdiite columns appear. 

4. The antero-lateral white columns consist of nerve fibrils derived from the 
neuroblasts of the cord embedded in a spougioblastic reticulum. 

6. The posterior white columns are formed by the processes of the neuroblasts 
of the spinal ganglia. 

6. The spongioblasts of the dorsal and I'entral toalls of the central canal are 
drawn out into two septa, an anterior and a posterior, which extend respectivelg to 
the ventral and dorsal surfaces of the cord, 

7. The extension of the anterior septum is due to the formation of the anterior 
commissures and the shrinking of the central canal. 

8. The extension of the posterior septum is due principally to the formation of 
the posterior columns, but also to the formation of the posterior commissure and 
the shrinking of the central canal. 
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9. The anterior septum does not form a complete partition between the two 
sides of the cord. It is traversed by the transverse fibres of the commissures. 

10. The posterior septum is traversed by the transverse fibres of the posterior 
commissure, but it forms a complete partition between the posterior white 
columns. 

11. Th^re u no posterior Jissurey and the posterior septum is not a septum of 
pia-matery hut of spongiohlastic Jibrils; it is, therefore, cssentiallg a portion of the 
cord substance, not of its sheath. 

12. The anterior fissure is^ formed in the usual manner, and contains a fold of 
pia-mater. 

C. On the Innervation of the Epipodial Processes of some Nndihrancliiate 
MolUisca, Pij Professor W. A. Herdman, D.Sc., and J. A. Clubb. 

In 1889 one of us (W. A. Herdman) read a paper at the Newcastle-on-Tyiie 
meeting of the British Association on the structure and functions of the cerata in 
Nudibranchs, in which these dorso-lateral processes were regarded as being pro- 
bably epipodial outgrowths. In other papers published since we have compared 
the conditions of these structures in various genera of Nudibranchs, and have 
tried to show that they are all modihcations of simple lateral epipodial ridges. 

The question lias, however, been raised lately by Pelseneer and others as to 
whether the so-called epipodia of mollusca are all homologous structures, and one 
of the subjects of controversy now is the origin of the nerve supply in various 
forms, it being supposed that whore the processes are innervated from the pleural 
ganglia they are pallial in their nature, and where supplied from the pedal ganglia 
they are to be regarded as outgrowths from the foot. 

Consequently, it seemed to us of importance to determine afresh the origin of 
the nerves supplying the cerata in several diflerent types of Nudibranchiata, 
especially as the results of former investigations, depending entirely, we believe, 
upon minute dissection, are puzzling, and to some extent contradictory. We have 
traced the nerves from the ganglia, by means of serial sections, in representatives 
of the genera Polycera, Ancida, Tritonia, Pendronotus, and Eolis, with the follow- 
ing results 

In Polycera quadrilineata the cerebral and pleural ganglia are completely fused 
to form a cerehro- pleural mass. The ^epipodial’ nerves are found arising from 
the ventral and posterior part of this ma.ss {i.e. distinctly from the pleural ganglia), 
and they run along the sides of the back to sujiply tlie ceratal ridges. 

In Ancula ci'istata the pleural ganglia are fairly distinct from the cerebral. In 
a specimen cut into about bOO sections, we find in the 100th section or so from the 
anterior end six distinct ganglia (the cerebral, pleural, and pedal pairs) surrounding 
the cesophagus. A few sections further hack the cerebrals disappear, and then 
the epipodial nerves ai’e found arising from the dorsal edge of the pleural ganglia. 
The nerves soon turn posteriorly, and then give off their first branches dorsally. 
These branches enter the me.soderm of the body wall, and can then be traced back 
through over a hundred sections to the first pair of cerata, wliich they enter. The 
main nerve passes back to the remaining cerata. 

In Tritonia and Dendronotus also the epipodial nerves arise from the pleural 
ganglia ; hut in Eolis (or Eacclina') coronata we find that the main nerves to the 
cerata arise distinctly from the pedal ganglia. We have also traced in the same 
series of sections the ordinary pedal nerves to the foot proper, so there can be no 
question as to the nature of the ganglia from which the nerves arise. The 
epipodial nerves spring from about the middle of the pedal ganglion, rather on the 
dorsal surface, and, after a short course, pass through the muscular layer of the 
body wall and are distributed to the clumps of cerata. 

But in addition to these main epipodial nerves iu Eolis, we find also a nerve 
arising from the compound ganglionic mass, immediately ventral to the eye 
probably therefore from the pleural element), which goes to the front cerata. 
This pleural nerve has its origin distinctly anterior to the origin of the main 
epipodial nerves from the pedal ganglia. 



transactions Olt SECTION ». 093 

We arrive, then, at the curious result that the innervation of the ceratal 
processes is not the same in all these Nudibranchs. In Polycera, Anculuj Ti'itoma, 
and Dendronotus the epipodial nerves arise from pleural ganglia, or from the 
ventral and posterior parts of cerebro-pleural masses; while in Eolis the chief 
epipodial nerves are from the pedal ganglia, but there are also smaller nerves from 
the pleurals. In the ordinary Rhipidoglossate gastropod, such as Trochus^ the 
epipodial ridges and processes are supplied, according to Pelseneer, by nerves 
arising from the dorsal part of the elongated pedal ganglia. So, judging from the 
.nerve supply alone, it might be said that the cerata of Eolis are pedal in their 
nature, and homologous with the epipodial processes of TrochnSy while those of 
Ancula and the rest are totally distinct structures of pallial * origin. But these 
dorso- lateral processes in th(^ various Nudibranchs are so much alike in their 
relations, and are connected by such series of gradations, that it is difficult to 
believe that they are not all homologous, ana the presence of the accessory 
epipodial nerve in Eolis arising from the pleural ganglion suggests the possibility 
of another explanation, viz., that these outgrowths, starting at first as pedal 
structures innervated by nerves from the pedal ganglia, may have acquired, 
possibly as the result of having moved further up the sides of the body, a supple- 
mentary nerve supply from the adjacent integumentary nerves arising from the 
pleural ganglia, and this supplementary supply, while remaining subordinary in 
EoliSy may in the other types have gradually come to supplant the original 
epipodial nerves, which are now no longer found in such forms as Polycera and 
Ancula. Tliis is at present only a suggestion, which, however, we hope to be able 
either to disprove or support by the examination of the nerves of a number of 
additional Nudibranchs. 


7. Exhibition of a Neio Apimratus for Opening and Closing a Tow-Net by 
Electricity. Ey W. E. Hoyle and L. F. Massey. 


8. Exhibition of and Ecmarlis upoiiy some Young Specimens Echidna 
aculciita. By Professor W. N. Parker, Ph.B. 

The specimens are from the collection of the late Professor W. K. Parker, who 
received them from Dr. hi. P. Ramsay, Curator of the Australian Museum, 
Sydney. Tliey are much cuived towards the neutral side, the snout pointing 
backwards, and the tail, in the older of the two stages, forwards. The younger 
stage measures along the dorsal curve, from the end of the snout to the tip of the 
tail, 12 cm., the greatest diameter of the body being cm.; the corresponding 
measurements of the older stage are respectively 21 5 cm. and G cm. In the 
latter the body is covered with short scattered bristles. In both stages the snout 
is very similar in form to that of Ornithorhynchus, and is covered by a thick 
horny layer, but in other res])ect3 the specialisation characteristic of Echidna is 
already apparent. The gape is narrow, and extends only a short distance down 
the snout, and the manus, even in the younger stage, is already much larger and 
stronger than the pes. The tail is short and conical. There is no caruncle, or 
* egg-breaker,’ in the snout, such as is seen in Ornithorhynchus. 

A few points in tho structure of the fore part of the bead in the older stage 
■were described. The mouth has the narrow and tubular form seen in the adult, 
and the long tongue has a horny tip. The glands in relation with the mouth and 
nose are very numerous. There is no trace of any teeth-rudiments, and in many 
other respects the structure of the head shows extreme specialisation. Jacobsons 
organ is large and highly developed ; a well marked * turbinal ’ is present in it. 


* J.e. dorsal to the foot, whether there is a distinct pallium present or not. 
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9. Experiments on Bespiration in Tadpoles of the Common Frog (Bana 
temporaria). By Professor W. K. Parkee, PA.D. 

After referring to the great power of adaptation to external conditions seen 
amongst amphibious larvjc, the author d(?6cribed some experiments on frog tad- 
poles, which, although not yet complete, show as follows : — 

1. Soon after the lungs become fimctional — t.e. in tadpoles measuring more than 
20 mm. in length — the gills are no longer sufficient for purposes of respiration, 
and the animals die in a very short time if prevented from coming to the surface 
to breathe. 

2. If tadpoles are prevented from using their lungs from an earlier stage 
onwards the gills remain perfectly functional, and development proceeds as usual. 
At metamorphosis the fore limbs are slow in becoming free, owing to the retention 
of the operculum, that on the same side as the spiracle appearing first. Eventually 
a slit-like spiracle is present on either side. In respiration the mouth is opened 
and closed as in the tadpole. Specimens of branchiate frogs were exhibited in 
which the tail had shrunk to less than half its original length. 


]0. On the Arrangement of the Living Fishes^ as based upon the Study of 
their Beproductive System. By Professor G. B. Howes, F.L.S., F.Z.S. 

On comparing the urino-genital organs of those Osteichthyes having a non- 
abbreviated kidney with the same organs of the higher vertebrata and the 
Elasmobranchs, the female genital duct and the kidney are seen to be inversely 
proportionate in length. No feature more fully characterises tlie development 
of the Mullerian duct than the accompanying abbreviation of tlie kidney and the 
disappearance of its head segment. "J'he persistence of the last-named among 
the Osteichthyes, and its possible retention of the renal function in rare cases, 
taken in conjunction with the mode of development of the ovary duct in these 
fishes, point to the conclusion that the latter is in no way homologous with the 
Mullerian duct as ordinarily understood. Balfour’s belief that the genital ducts 
are homologous in both sexes of theTeleostei is supported by the facts of anatomy ; 
and comparison of the reproductive .nystem of the Ganoids with that of the 
Teleosteans shows the two to be modifications of the same common type; and 
the absolute structural community of tlie parts in the males and females of the 
Sturiones, while further confirming Balfour’s doctrine, is opposed to Jungersen’a 
implication that the subtle differences in the mode of development of the ducts in 
the opposite sexes of the Teleostei are indicative of their non-homology. 

The facts above alluded to justify us in regarding the genital ducts of the 
Osteichthyes not only as homologous in the two sexes and primarily independent 
of the genital glands, but as distinct structures sui generis probably unrepresented 
in all other vertebrates. 

The Plagiostomi and ilolocepliali, in which vasa efierentia are present and the 
kidney becomes an accessory to reproduction in the male, may Tie grouped together 
into a Nephrorchidic Series, as distinguished from an Futhorchidic Series embracing 
the Osteichthyes (Ganoids and Teleo8tean.<»). Comparison of the pori-genitales in 
relation to the coalesced urelers of the Marsipobranchii with the corresponding 
parts of the females of those Teleostei destitute of genital ducts, especially in 
consideration of the facts concerning the development of the parts recorded hy 
Scott, Liszt, and others, supports Kathke’s conclusion that the ancestors of the 
first-named fishes must have possessed genital ducts. The Osteichthyes, althouj^h 
specialised in respect to many features of their organisation, have, together with 
the Marsipobranchs, retained the least modified type of urino-genital system 
known for living vertebrates. N. Parker’s recent and important, discovery, 
that while in Protopterus a Mullerian duct is present vasa efierentia are absent, 
the testicular products being discharged through a duct more nearly comparable 
to that of the bony fishes than to the genital ducts of any other vertebrates, 
suggests that the development of vasa efierentia and the assumption of a genital 
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function by the Wolffian duct, may have been effected subsequently to the 
formation of the Mullerian oviduct. And further comparison of the Dipnoi with 
the Elasmobranchii suggests that the former may have struck off from the 
Holocephalic branch of the latter before the differentiation of the ancestors of its 
existing members. 

The following diagram expresses the relationship of the reproductive system of 
fishes, as estimated upon the foregoing considerations : — 



11. On the lieceni Visitation of Phitella Crucifera, By W. Fee am. 


TUESDAY, AUGUST 25 . 

The following Papers were read: — 

1. On the Artificial Production of Phythm in Vlants. 

By Feancis Darwin and Dorothea F. M. Pertz. 

The apparatus employed is a new form of klinostat designed by the Cambridge 
Scientific Company. The plant to be experimented on is fixed to a spindle, which, 
by means of a clockwork escapement, makes a sudden semi-revolution every half 
hour. Thus the plant is subjected to a scries of alternate and opposite influences 
from light or gravitation as the case may be. To take the case of gravitation, 
the plant will tend to curve upwards during the first half hour, and during the 
second interval (when the horizontal spindle has made half a turn) it will tend to 
curv'e geotropically in the opposite direction. 

Under these conditions it is found that a rhythmic state is induced which 
closely resembles the periodicity in rate of growth which is set up in plants by 
the alternation of day and night. 

A remarkable result is obtained by stopping the clockwork — that is to say, by 
substituting a continuous for a changing stimulus. The plant continues to curve 
with an acquired rhythm just as if the clockwork were still in action ; it has, in 
fact, learned and remembered the half-hourly period. This is precisely similar to 
certain natural rhythms — for instance, to the ‘ sleep ' of flowers, which for a short 
time continue to open and shut although kept constantly in the dark. 


2. On Floating Leaves, By Professor Miall, F.L.S. 
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3 . Notes on Ldental Phlvi m in the Dicotyledons. By D. H. Scott, M.A.., 

. Ph.D.^ F.L.S.f A'^sistoitt Professor in Biology (Ttotany)^ Poyal College of 

Science f London. 

The questions discussed in this paper are: — 

(1) The relation of internal (or intraxylary) phloem to the vascular bundles and 
to the pith. Do bicollateral bundles exist? Views of Do Bury, Ildrail, Van 
Tieghem, AVeiss, and Tjamoiinette. Cases in which internal phloem is accompanied 
by centripetal medullary wood, Signiticance of tlii«. Phylogenetic importance 
of Lamounette’s view of the medullary nature of internal phloem. Beavmg of the 
question on general Dicotyledonous anatomy. 

(2) Systematic importance of internal phloem. Xiimeroiis orders in wliicli 
this character is constant. 

(3) Structure of the root in plants which have internal phloem in the atom. 
Changes in the position of the ]»liloem in the transitional region. Plants wliich 
have internal phloem in the root. 

(4) Physiological significance of inteinal phloem with reference to recent views 
as to the function of the phloem in general. 


4, Qyi the Occnrrimce of Diastose in Pollen, 

By Professor J. K. Okke.v, J/./l., B.Sc, 

Though recent researches hav’e led to tlte discovery of the various points of 
interest connected with the- morphology of the pollen grain and the pollen tube, 
but little attention lias been given to llie details of its physiology. It is known 
that the contents of the ripe grain, besides its protoplasm, include proteid and 
carbohydrate bodies, tiie latter being in part starch, in part some form of sugar. 
That these are re.^tnue materials, intended to be used during tlie growth of the 
pollen tube, seem> to admit of no que.stion. Indeed Van Tieghem has sliown that 
like other storehou^'Cs of rovserve matenaks, the pollen grain of some ])hints contain.s 
certainly one ferment or enzyme leading to the utilisiation of these fetore^^, the fer- 
ment invertaso which is capable of inverting cane sugar. 

Starch being of such frequent occurrence in pollen, attention was directed in 
the exporiments now briefly to be summarised to the possibility of tliere being also 
present some form of diastase. The pollen taken for investigation was that of the 
lily and that of the sunflower. A .starch pa^te of about 1 per cent, strength was 
the medium on which to te.-^t tin* action. In the first exporiments the contents of 
one ripe anther of a lily were mixed with ^c.c. of ihi.s paste and exposed in a test 
tube lor some hours to tlie temperature of about 20° C. A precisely similar 
tube was boiled and set aside with the f)lher to .^erve as a control. The dia.static 
action slowly became evident, the unboiled atareii paste pa-sed through the several 
stages of soluble fttarch and de.xtrin to sugar, the boiled one remaining unchanged. 
Sunflower pollen gave n .similar result. 

Diastatic action being .so e.stablislied, it remained to see wlietlior diastase itself 
was present or whether the change was brought about by the pollen grain apart 
from such a body. Diastase being readily soluble in wati r or in glyceiine, an 
attempt w'as made to prepare it from the pollen cells. A quantity of the pollen of 
the sunflower was collected and ground up between two glass surfaces witli some 
dilute glycerine. When the pollen was completely broKen up, as shown by 
microscopical examination, it was left in contact with the glycerine for twelve 
hours and then Altered free from debris. 

A similar experiment to the first was then arranged, tlio glycerine extract being 
used instead of the pollen grain.s. In this case again, in the unboiled tube tlie 
starch gradually disappeared by the usual stages, and there was simultaneously a 
grad ual and increasing appearance of sugar. 

The germination of the pollen grain thus, so far as its reserve of starch is con- 
cerned, proceeds upon the same lines as the germination of the complex bodies 
which we know as seeds. 
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Further experiments are in progress wliicli will deal with the fate of the nitro- 
genous and fatty reserves, and further with the subsequent growth of the pollen 
tube and the way in which this latter structure is enabled to avail itself of the 
nutritive materials among which it finds itself during its passigo down the tissue 
of the style. 

5. The Presevce of a If ia static Ferment in Green Leaves, 

By S. H. Vines, M.A., F.Jl.S. 

The author was led to invcvstigate this point in consequence of the statement 
recently made by Worlnianii ‘ that green leaves either do not contain any diastatic 
ferment, or contain it in so minute a quantity that its physiological importance is 
practically nil. Wortmann aceoinits for the well-lcnown fact that starch is trans- 
Ibrraed into sugar in green leaves by attributing the chemical change to the direct 
action of the living protoplasm. 

The author’.s ob.servations lead him to the quite contrary conclusion, viz., that, 
diastatic ferment is present (probably at all times) in green leaves; and that its 
physiological activity is .so well marked that it appears supeiduous to invoke, as 
AVortinann does, the direct action of (he protoplasm in the conversion of starch into 
sugar in the liv ing leaf. 

The author’s method of experimentation consisted in mixing equal volumes of 
leaf-extract and starch-solution ; and tlien, after tlie mixture had been allowed to 
stand for some hours, volumetrically determining the amount of sugar present by 
means of standard heliling's .solution. 

The leaf-extract wa.s prepared by tiitir.ating leaves with dLstilled water (100 c.c. 
of water to 100 grammes of leaves), and then at once ])res.sing the mass through a 
strainer. A turbid, more or less acid extract is thus obtained. In tlio earlier ex- 
periments a filtered clear extract was jiriqiared ; but filtration was abandoned, 
for it was found that a clear (‘x tract was much le>.s active than a turbid extract. 
Probably Wortmann’s negative results are to be mainly ascribed to the use of 
filtered extract. 

Tlie starch-solution was prepared by boiling standi with distilled water, in tbo 
proportion of ‘o gramme of the former to 1 00 c.c. of tlie latter. The vessel was closed 
with a plug of cottou-wool whil.st tlie liquid was boiling, to prevent the access of 
bacteria, and was allowed to cool for .some hours: a eeitain amount of sediment 
was deposited at the bottom of the vessel, but only the nearly clear supernatant 
liquid was used for experiment. The starch u.''ed appeared, on microscopical 
examination, to consist of a mixture of wheat-.^tarch with some potato-starcb. 

’Idle mixture of leaf-extract and starch-solution wa.s u.sually allowed to stand all 
night (about fourteen to sixteen lioar.^^). A .sample of the leaf-extract, diluted to the 
corresponding strength, w’as in all ca.sesannhsed for sugar, and in most cases alarg-er 
or smaller amount of sugar was found to bo present in it. In some cases a control 
expm iment was made in which the leaf-extract had been boded before being mixed 
with the starch-solution ; in these case.s the amount of sugar ultimately determined 
did not exceed that found to ho originally ])resent in the leaf-extract, thus show- 
ing that tlie boiled extract liad not atlected the starch. In others, again, thymol or 
boracic acid (‘5 percent.) was added to the mixture in order to pireveiit any possibility 
of the interference of bacteria ; in these, the amount of sugar ultimately determined 
was about the same as tliat in the .simple mixture of leaf-extract and starch-solu- 
tion alone, showing that tlie results obtained weie not in any degree due to the 
action of bacteria. The whole experiment was generally completed within twenty- 
four hours, and the llasks containing the mixture were not artificially heated but 
were kept on the laboratory table durii g the night whilst the action was pro- 
ceeding. 

In bis experiments AVortmann madt^ use of the colour-reactions, given with 
iodine by solutions of starch and dextrin, for the purpose of determining the 
iimount of action, if any, of the leaf-extract on the starch-solution. The author, 
however, discarded this metliod altogether ; for, according to AVortmann’s own 

> Bot, Zdtimg, 1890. 
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showing, it is not one which can give satisfactory results ; he preferred the more 
laborious but more definite method of determining the sugar present by means of 
standard Fehling’s solution. This method involved careful preparation of the 
liquids to be tested, so that they should be quite clear and colourless. At the close 
of the period of digestion, the liquid was neutralised with lime-water, and then 
l^iled and fiiltered through 5 grammes of recently ignited animal charcoal until all 
the colour was removed ; the charcoal was well washed, the washings being added 
to the filtrate, which was then made up to standard volume, when it was ready for 
the determination of sugar. The liquids belonging to each experiment were all 
simultaneously treated in precisely the same manner. The determination of sugar 
was effected by allowing the liquid to drop from a graduated burette into a fixed 
quantity of boiling standard Fehling’s solution, continuing the boiling for three 
minutes. The purity and the unitorm strength of the Febling’s solution were 
carefully attended to. The amount of the reducing substance was, in all cases, 
calculated as dextrose. 

In order to determine whether or not the substance in the liquids which reduced 
Fehling’s solution really was sugar, a quantity of leaf-extract was made, filtered, and 
dialysed : the resulting clear solution evaporated to dryness. A residue was thus 
obtained which smelt strongly of sugar, and which dissolved readily in water ; the 
strong watery solution of the substance gave a well-marked reaction with sodium 
acetate and phenyl-hydrazine hydrochloride, a reddish -yellow precipitate being 
formed on w’arming, consisting of tufts of large acicular crystals. The solution did 
not, however, have any rotatory eflect on polarised light when examined in the 
polarimeter. There can be no doubt that the substance is a sugar, and presumably 
it should be maltose ; hut it does not resemble maltose in being strongly dextro- 
rotatory. In order to determine whetlier or not it is capable of undergoing 
alcoholic fermentation, some yeast (10 c.c.) was added to some of the pure sugar- 
solution (100 c.c.) and the mixture was kept for twenty-six lionrs in an incubator 
at about 36° C. It appeared to be fermenting, and when distilled, a liquid came 
over of sp. gr. *907, which would correspond to about 2 per cent, of alcohol : this 
liquid also gave the iodoform reaction. The sugar in question appears, therefore, 
to he fermentable. 

A further peculiarity, which may be of some importance, is that the crystals of 
the phenyl-compound produced in the phenyl-hycirazine hydrochloride test are 
soluole in absolute alcohol, giving an orange-coloured solution, hut they arc almost 
insoluble in ether ; whereas the crystals formed (phenylglucosazone) when dextrose 
is similarly treated are readily soluble in both alcohol and ether, giving a yellow 
solution. 

The sample of the sugar above described was obtained from a mixture of 
800 c.c. of leaf-extract (prepared from 750 grammes fresh lawn-mowings con- 
sisting chiefly of grass, with some clover and Achillea) with 900 c.c. starch- 
solution, The sugar obtained included that w^hich was originally present in the 
leaf-extract, as well as what was formed from the added starch. 

The following will serv'e as an example of the experiments, and of the results 
obtained : — Six flasks were prepared, and were allow'ed to stand overnight for 
14 j^ hours : the leaf-extract was prepared from fresh lawn-mowings. 


c.c. c c. 

No. 1.— 50 leaf -extract + 50 starch-solution . 

„ 2.— 50 „ ihcdled) + m „ ... 

„ 3. — 50 „ -f50 „ -f thymol . 

„ 4. — 50 „ -+50 „ + boiacic acid ^ grrn 

„ 6. — 50 „ + 50 distilled water .... 

„ 6. — 50 starch-solution -f 50 „ 


Dextrose 
per cent, 
gave *0703 
„ 0460 

-0740 
„ *0600 
„ -0440 
„ none 


The si^ar was estimated as fractions of grammes of dextrose in 100 c.c. of 
liquid. Similar results were obtained with leaf-extracts of the Marrow {^ Cucurbita 
tmferd)^ the Sunflower {Ilelianthus annuita)^ and the Dwarf Ilunner (Phaaeoltts 
wdffaris ) ; also with those of the Lime {Tilia mropma) and of the Dwarf Runner 
when a 1 per cent, solution of dextrin was used. 
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In the two following cases results were obtained winch appear to be at 
variance with the preceding ; in both of them the percentage of sugar present in 
the mixture of leaf-extract and distilled water was greater than that in tjje nftiixture 
of leaf-extract and starch-solution. - ’ '5* 

Hheum hybridum (extract strongly acid, digestive period 24 hours) : — ' 


c.c. 

No. 1. — 50 leaf-extract 
„ 2.— 50 „ 

„ 3. — 50 starch-solution 


c.c. 

+ 50 starch-solution 
+ 50 distilled water 
+ 50 


Dextrose 
per cent, 
gave *1587 
„ -2702 

„ mere traces 


Daucus carota (extract slightly acid, digestive period 
experiment was completed in a single day) : — 

c c. c.c. 

No. 1. — 60 leaf- extract -f 50 starch-solution 

„ 2. — 50 „ -F 50 distilled water . 

„ 3. — 50 starch-solution + 50 „ „ • 

„ 4 . — 50 leaf-extract (Jboiled^ + 50 starch-solution , 

„ 6.— 60 „ „ + 50 distilled Vi'ater . 


4 hours ; the whole 

Dextrose 
per cent. 

. ga\el052 
. „ -1250 

• „ traces 

. „ -0847 

. „ -0800 


It is probable that in these cases the starch-solution added to the leaf-extra 
(No. 1 in both) was not in the least degree attacked. The peculiarity to be 
accounted for is the large amount of sugar present in the diluted leaf-extract 
(No. 2 in both). It is clear, in the case of the carrot, that the amount of sugar 
originally present in the leaf-extract (seo Nos. 4 and 6) was about *08 per cent, ; 
the excess of sugar in No. 2 (about *045 per cent.) appears to be due to the action 
of the diastntic fci'ment vpon starch coiitained normally in the leaf-extract. The 
presence of added starch-solution (Carrot, No. 1) appears to have actually impeded 
the action of tlie ferment upon the leaf-starch already present. 

The experiments were carried on from the end of June to the middle of 
August, 1891. 

The author is aware that various points connected with this research require 
more complete investigation ; he is, however, unable to continue the worh at 
present, hut hopes to return to it next year. The foregoing facts will, he 
believes, suffice to prove that AVortmann’s conclusion as to the absence of diastatic 
ferment from green leaves, or its unimportance, is based upon insufficient evidence. 
It may be objected that the amount of ferment-action indicated in the foregoing 
experimental results is very small, hut much weight cannot be attached to this 
objection. AVhat the results really indicate is that the amount of diastatic 
ferment which can, at any one timCj bo extracted from a leaf is small ; but doubt- 
less the secretion of the ferment goes on continuously, so that the total ferment- 
action in, say, the course of a warm night would bo very considerable — quite 
sufficiently so to account for the conversion of starch into sugar which actually 
occurs, without the direct intervention of the living protoplasm. 

As a conclusive piece of evidence in support of his view, Wortmann cites an 
experiment which shows that if a leaf be kept in an atmosphere of COq, the starch 
which it contains is not converted into sugar ; and he infers that this is due to an 
arrest of the action of the protoplasm upon the starch in consequence of the 
absence of free oxygen. It appears to the author that this inference is not the 
true one to he drawn from the lact as stated : a more satisfactory explanation would 
seem to bo that, in the absence of free oxygen, the secretion of diastatic ferment by 
the protoplasm is arrested, and that it is on this account that the conversion of 
starch into sugar does not proceed. 

The author desires to acknowledge the valuable help which he has received in 
this work from Mr. Manley, Assistant in the Chemical Lahomtory of Magdalen 
College, Oxford. 
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6. On ihe Nuclei of the Hymenomycetes. Harold Waoer. 

In ibis paper an account is ppiven of some observations upon the structure and 
clianges which take place in the nuclei of the basidia of Agaricm {Stropharia) 
stercoraHtis, Rosenvinge states that the young basidia of tlie various species of 
Hymenom^'cetes which he has examined never contain more than one nucleus. 

* In stercorarim and other species of Agar id which I have examined, I have 
found in the very young basidia two nuclei ; these probably pass into the basidia 
from the hyphae. At this early stage each basidium contains a small quantity of 
protoplasm and one or more vacuoles. 

The two nuclei fuse together to form a single large nucleus which is placed near 
the centre of the basidium. The basidium then becomes filled with a dense 
protoplasm containing no vacuoles. 

The structure of the nucleus is similar to that of the higher plants ; it consists 
of a nuclear membrane enclosing a dense nucleolus and a thread-like network. 
The nucleolus stains very deeply, the threads slightly. 

As the basidium increases in size so also does the nucleus. Tlie latter places 
itself near the apex of the basidium. The nuclei vary in size, gonsrally speaking 
they are from S o to 4 /x in diameter, but some of them have a diameter of 4 5 to 
6 fi. The nucleoli are about TO to 2 p in diameter. 

The nucleus now divides, first of all into two and then into four, The division, 
which is an indin'ct one, takes place before the appearance of the sterigmata. 
Previous to the division, the nucleus elongates slightly towards the apex ; its 
outline becomes somewhat irregular ; the thread-like network accumulates at the 
apex, and the nucleolus takes up its position at the opposite end of the nucleus. 
The nucleolus gradually disappears, and at the same time a group of deeply stained 
short threads or granules appears in place of the thread-like network at the upper 
end of the nucleus. 

At this stage the nuclear membrane seems to have disappeared, hut a some- 
what irregular and somewhat clear space surrounds both the nucleolus and the 
deeply stained chromatic elements. These latter separate into two groups which 
pass "to either side of the basidium. In this way two new nuclei are formed 
which are small at first, but gradually increase in size, and have a structure similar 
to that of the parent nucleus. The two new nucleoli appear to be formed from 
the chromatic elements. The two nuclei then elongate and divide in the same 
manner as the primary nucleus. The four nuclei tlius formed have a structure 
similar to the parent nucleus, but are much smaller. 

Previous to the development of the sterigmata, they pass to the lower end of 
the basidium, where they come into such close contact with each other as to 
appear as if fused together j it is not quite certain whether fusion does or does not 
take place ; in any case they undergo certain changes resulting in the accumulation 
of a more or less irregular mass of chromulin on their walls. This chromatin 
presents the appearance of a very loose network surrounding the four nucleoli. 

While these changes are taking place, the four .sterigmata appear at the apex 
of the basidium. At the apex of each slerigma a spore is produced ; protoplasm 
from the basidium passes into the spores. 

The nuclei at the base of the basidium now separate and pass to the apex ; 
oach nucleus takes up a position at the base of one of the sterigmata, and this 
position they retain for sfime time. The protoplasm of the basidium bi'comes 
more and more vacuolated as it d<'creases in amount. Finally, nearly the whole 
of it passes into the spores. 

Tlie outline of each nncleiis gradually disappears; the nucleolus becomt'S 
smaller — small enough to pass without dilliculty into the sjiore, but whether such 
a passage takes place or not I have not been able to determine. The spores 
certainly do not contain a nucleus until a very late stage, e,g. after the formation 
of the thick spore membrane. 

When the spore-s are ripe they are seen to contain two nuclei, probably derived 
from the single nucleus which passes into them in some way or other from the 
basidium. 
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7 . New Form of Appendictdarian * Haus.^ By Geo. Swainson, F.L.8. 

* Haus ’ was tlie name g-iven by the Russian naturalist, Von Mertens, to the 
large transparent envelope or sax; so rapidly formed by the Appendicularia, Oiko- 
pleura cophocercaf as a secretion from the ectoderm which he met with in the arctic 
seas in 1829. lie asserted that this envelope was an organ of respiration, consist- 
ing of a regular network of vessels, in which the circulation of blood-corpuscles 
was evident. This was greatly doubted by Professor Huxley as being, if true, 
< unique and startling,’ and constant search was made for other specimens but with- 
out success until 1858, when Professor Allman captured another and very different 
form of ‘Haus’ in the Clyde.^ Since then Von Mertens’ species has been seen 
and described by Fol/-^ 

Fishing off' St. Anne’s IMer (Lancashire) with a small bottle attached to my 
surface net in June, 1890, I captured a new form of this ‘ Ilaus ’ (see drawing 
annexed), but unfortunateh' lost it before I had time to properly examine it. 



’Phere was no doubt about the tunicate body of the Appendicularia with its 
‘ stigmata,’ Sec . ; but the gelatinous envelope or sac appeared to have two whips or 
fan-like organs. Profes.sor llerdman on seeing my drawing at once suggested 
tliese were probably the optical expression of the tail of tiio Appendicularia turned 
upon itself. 

This diaphanous vsac was shaped very like a bishop's mitre and into it the salt 
water was constantly being driven by the lashing whip.s, and I saw an oval body 
ejected from it, which I now believe to have been a fertilised ovum. 

Fortunately on tlie third of this present August 1 was successful in capturing a 
second specimen, brought along by a strong tidal current from the North-west 
Atlantic. On examining it in a watch-glass I found Hr. llerdman was quite 
right, for the tail of the Appendicularia formed the upper side of the mouth of the 
sac, while the other side of the opening was made of the thickened and folded edge 
of the gelatinous membrane which was connected with and secreted by the posterior 
part of the Appendicularia. 

The constant lushing of the tail was responded to by a co-ordinate muscular 
action in this thickened membrane, and the whole gelatinous mass was carried 
about through the surrounding water by these continuous vibrations. Although 
constructed for a similar purpose, the size and form of the ‘ Haus ’ in my specimena 
differed very much from noth Allman’s and Vou Mertens’, being about half the 
size and possessing neither the ‘double fans ’ of Allman’s nor the ‘ horns ’ of Von 
Mertens*, and the bifurcation of the sac being most distinct and noticeable. 

* Quarterhj Journal of Microscopical Scicticc, IS.'iO. 

’ ‘ Etudes sur Ics Appendiculaires du Detroit de ]\rc«sine ’ in Mem. Soc. Phys. 
JTUt. Qenhe, vol. xxi. 
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like Professor Allman I must deny the possession of blood-vessels, or that the 
^Haus’ has any respiratory function, although I must admit there were some 
grounds for Von Mertens’ idea in the very perceptible systole and diastole seen in 
the thickened laminae of the horns of the mitre, in apparent response to the vibra- 
tion of the tail. By this means the water contained in the envelope was con- 
stantly renewed, and the ova therein protected duly oxygenised. 

I feel quite certain that this is the main function of this ^ Haus/ and that Dr. 
AJlman was correct in calling it a nidametital coveriny for the ovaj for in the en- 
velopes of both my specimens were ova to be seen, while in those of Dr. Allman 
there were young Appendiculariae. 

This sac is probably a primitive test, resembling the transparent test of Clavelinay 
and this supports the idea of Professor llerdman that the Append icularice were an 
early offshoot from the ancestral chordate form. In the Appendicularia there is 
no separate peribranchial cavity within which the ova can be fertilised and 
developed. 

This envelope is only loosely attached to the aniinal’s body, for in the struggle 
of the creature to get away from the strong light thrown upon it by the micro- 
scope it made a most vigorous contraction, and thereby jerked itself free from the 
membrane, leaving it behind in a limp, collapsed condition, without apparent 
vitality of any kind. 


8 . On the Gustomarij Methods of Describing the Gills of Fishes, 

By Professor G. B. Howes, F.L.S.^ F,Z.S, 

The gills of Marsipobranchs and Plagiostomes are not imfreqiiently enumerated 
in relation to the opposite walls of the visceral sacs which give origin to them, 
while those of the higher iishes are enumerated iu relation to the opposite faces of 
the septa which bear them. The confusion arising out of this is well known to 
teachers, and is in itself sufficient to justify the introduction of a revised nomen- 
clature for the parts coucerned. The facts of development show (i.) (on the 
assumption that the mandibular or mouth cavity is serially homologous with a 
pair of post oval visceral clefts) that each gill lies in front of its corrf'spoiiding 
skeletal arch ; (ii.) that the saccular type of gill met with in the Marsipobranchs 
and Plagiostomes is that from which the pectinate on(‘ of the higher gnathosto- 
matous fishes has been derived, and (iii.) (hat a mandibular gill has no existence 
in living fishes. Gills of the Marsipobranch-Plagiostome type may be oonveniHutly 
described for general anatomical purposes as Cystobrancfiue^ and those of the 
higher Teleosteoid type as Pectimbranchiee ; while the parts of the individual gills 
should be in both and in all cases enumerated in relation to the visceral pouches 
from which they arise. Thus, the spiracular gill of Elasmobranchs (often termed 
the mandibular pseudobranch) should be described as the hyoid hemibranch, and 
the opercular gill of the higlier fishes (often termed the hyoid pseudobranch) as 
the first branchial hemibranch. 

The well-known series of buccal filaments met with in certain Chelonia appear 
to have the fundamental relationships of gill folios, and in view of the discovery 
by Dohrn, Platt, and others that the buccal sac would appear, from its mode of 
development in the Teleostei, to bo the morphological equivalent of a pair of gill 
pouches, the possibility that these filaments may (at any rate for the most part) 
represent mandibular gills of a reversional character must not be overlooked. 


9. Exhibition of a very small Parrot from the Solomon Islands, 
By Canon Tristbam, F.E.S, 
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Section E.— GEOGRAPHY. 

President of the Section — E. G. Ravenstein, F.R.G.S., F.S.S. 


THURSDAY, AUGUST 20. 

The President delivered the following Address : — 

The Field of Geography. 

It behoves every man from time lo time to survey the field of his labours, and to 
rend(T an account unto himself of the work he has accomplished, and of the tasks 
which still await him, in order that he may perceive whether the means employed 
hitherto are commensurate with the magnitude of his undertaking, and likely to 
lead up to the desired results. 

Such, a survey of the ^ Field of Geography^ I propose to make tlie subject of 
my address to-day. You are aware that this field is a large one, that its boundaries 
are defined no more precisely than are the boundaries of other fields of human 
research, and that the fellow-labourers who join us in its cultivation are not always 
agreed as to the tasks that are peculiarly their own, or as to the methods in accord- 
ance with which their work should be carried on. By some of our neighbours we 
have< not infrequently been accused of encroachments, and of overstepping our 
legitimate boundaries in order to invade adjoining fields already in the occupa- 
tion of others, who are not only willing to cultivate them, but even claim to be 
better qualified than w'e are. There is undoubtedly some truth in this reproach, 
for, although there have been, and perhaps still are, geographers who would limit 
their task to a mere description of the earth’s surface, there are others, to judge 
them by their performances, to whom earth and universe, geography and cosmo- 
graphy, are synonymous terms. 

If, as a lexicographer, I were merely called upon to define the literal meaning 
of the word ‘ geography,’ I should content myself by saying that it meant a 
* description of the earth.’ This, however, is merely the translation of a name 
given to our department of knowledge in an age when all natural science was 
descriptive, and scientific inquirers were still content to collect facts, without 
attempting to reduce them to a system. The ancient name, however, has been 
retained, notwithstanding that our conception of the duties of the geographer has 
undergone a notable change. The German word ‘ Erdkunde,’ although too com- 
prehensive, would perhaps be preferable, but could be rendered only by the word 
^ geologj',’ a term already appropriated to quite a distinct department of science, 
which has much in common with geo^aphy, and may even be described as its 
offspring, but is most certainly not identical with it. 

Very varied have been the views as to what geography should embrace. Whilst 
Ptolemy would confine the duties of the geographer to the production of a correct 
map of the earth’s surface, others fell into the opposite extreme, and were 
unable to resist the temptation of embellishing their * systems of geography ’ with 
historical excursions, and with information of the most varied kind, only remotely, 
if at all, connected with their subject. But whilst the geographer should guard, 
on the one hand, against being drawn away from his legitimate task, he should not, 
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on the other, allow himself to be intimidated by those who, on the pretence of 
creating a geographical * science,’ would frighten him away from fields of research 
which his training enables him to cultivate to greater advantage than can be don© 
by representatives of other departments of knowledge. 

But whatever changes may have taken place respecting the aims of the 
geographer, it is very generally acknowledged that the portraiture of the earth’s 
surmce in the shape of a map lies wdthin his proper and immediate domain. And 
there can be no doubt that a map possesses unique facilities for recording the 
fundamental facts of geographical knowledge, and that with a clearness and per- 
spicuity not attainable by any other method. You will not, therefore, think it 
strange if I deal at considerable length with the development of cartography, more 
especially as my own labours have in a large measure lieen devoted to that depart- 
ment of geographical work. An inspection of the interesting collection of maps of 
all ages which I am able to place &fore you will serve to illustrate what I am 
about to say on this subject. 

You may take it for granted that maps have existed from the very earliest 
times. We can hardly conceive of Joshua dividing the Promised Land among the 
twelve tribes, and minutely describing llieir respective boundaries, witliout the 
assistance of a map. The 8ur\'eyors and land-measurers of the civilised states of 
antiquity undoubtedly produced cadastral and engineering plans, which answered 
eveiy" practical requirement, notwithstanding that tlieir instruments were of the 
simplest. This is proved by a plan of Korae, the only document of the kind which 
has survived, at least in fragments, to the present time. It is engraved on slabs of 
marble on a scale of 1 : 300, and w'as originally fixed against a wall of the Homan 
Town Hall, so that it might be conveniently consulted by the citizens. 

Of the existence of earlier maps of the world or even of provinces, we possess 
only a fragmentary knowledge. Anaximander of Miletus (GlO-546 n.c.) is credited 
among the Greeks with having produced the first map. Iliscountiy man Ilecataeus 
the Elder, wlio had seen many lands, and of whom Herodotus borrowed the terse 
saying that Egypt was the gitt of the Nile, about 500 years before Christ, exhibited 
to his fellow-citizens a brazen tablet upon which was engraved ' a map of the entire 
circuit of the world, with all its seas and rivers,’ and pointed out to them the vast 
extent of the Empire of Darius, with whom they were about to engage in hostilitie.s. 
But his warning pro\ cd in vain, and their disregard of the teachings of geography 
had, as usual, to be dearly paid for. 

That maps grew popular at an early age is proved by Aristophanes, w^ho, in 
his comedy of * The (Jlouds,’ 423 B.c., has a map of the world brought upon the 
stage by a disciple of the Sophists, who points out up<m it the position of Athens 
and of other places familiar to the audience. 

A real advance in cartography was made when Dicrcarchus of Messana (390- 
290 B.c.) introduced the parallel of llhodes, as a separator between the northern 
and the southern habitable worlds. This * diaphragm ’ was intersected at right 
angles by parallel lines representing meridians. This system of graduating a map 
was accepted by Eratosthenes (270-190 Ji.c.), and appears to have kept its hold 
upon the more scientific cartographers up to the time ’of Marinas of Tyre, the 
immediate predecessor of Ptolemy. Whether the map of the Homan Empire, 
which Agrippa, the son-in-law of Augu'jtu.s, caused to be placed under a portico, 
and which was based upon itinerary surveys begun forty-four years before Christ, 
was furnished with parallels and meridian we do not know. It probably resembled 
in appearance some of our mediaeval maps, like that of Hichard of Haldingham, 
still preserved in the cathedral of Herefiird. Widely different from it wore the road- 
maps or ^ Itineraria picta ’ of the Homans, of which ^ Peutinger’s Table ’ is a well- 
known example of a late date. 

Such, then, were the maps which existed when Ptolemy of Alexandria 
appeared lipon the field, and introduced reforms into the methods of representing 
the earth’s surface which fully entitled him to the foremost place among ancient 
cartographers, and which inspired his successors when the stuay of science revived 
in the fifteenth century. 

Ptolemy, like all great reformers, stood upon the shoulders of the men who had 
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preceded him, for before a map like his could be produced much preliminary work 
had been accomplished. Parmenides of Elea (460 u.c.) had demonstrated that 
our eai'th was a globe, and Eratosthenes (276-196 b.c.) had approximately deter- 
mined its size. Ilipparchua (190-120), the greatest astronomer of antiquity, the 
discoverer of the precession of the equinoxes, and the author of a catalogue of.stars, 
had transferred to our earth the auxiliary lines drawn by him across the heavens. 
He had taught cartographers to lay down places according to their latitude and 
longitude, and how to project a sphere upon a plane. It is to him we are indebted 
for the stereographic and orthographic projections of the sphere. I’tolemy himself 
invented the tangential conical projection. 

The gnomon or sun-dial, an instrument known to the Chinese 600 years before 
Christ, had long been used for the determination of latitudes, and the results were 
relatively correct, although uniformly subject to an error of 16 minutes, which 
was due to the observers taking the altitude of the upper limb of the sun, 
when measuring the shadow case by their dial, instead of that of the sun’s 
centre. 

It was known, likewise, that differences of longitude could be determined by 
the simultaneous observation of eclipses of tlie sun or moon, or of occultations of 
stars, and Hipparchus actually calculated Ephemerides for six years in advance to 
facilitate computations. Ptolemy himself suggested tlie use of lunar distances. 
Put so imperfect were the astrolabes and other instruments used by the ancient 
astronomers, and especially their time-keepers, that precise results were quite out 
of the question. 

Ptolemy, in fact, contented himself with accepting (dght latitudes determined 
by actual observation, of which four were in Egypt, whilst of the three longitudes 
known to him he only utilised one in the construction of his map. Unfortunately, 
the one selected proved the least accurate, being erroneous to the extent of 32 per 
cent., whilst the error of the two which he rejected did not exceed 13 per cent.' 
This want of judgment, pardonable, no doubt, under the circumstances, vitiated 
Ptolemy’s delineation of the Mediterranean to a most deplorable extent, far more 
so than did his aasimiptiou that a degree only measured five hundred st.ules, when 
in reality it measures six hundred. For whilst the breadth of bis Mediterranean, 
being dependent upon the relatively correct latitudes of Alexandria, Rhodes, 
Rome, and ^lassilia, fairly approximates the truth, its length is exaggerated to the 
extent of nearly 50 per cent., measuring 62° instead of 41° 40'. This capital error 
of Ptolemy is due therefore to the unfortunate acceptance of an incorrect longitude, 
quite as much as to an exaggeration of itinerary distances. It is probable that 
Ptolemy would have presented us with a faiier likeness of our great inland sea 
had he rejected obst^rved latitudes and longitudes altogether and trusted exclusively 
to bis itineraries and to such bearings as the mariners of the period could have 
sup])lied him with. 

No copy of Ptolemy’s original set of maps has reached us, for the maps drawn 
by Agathodflemon in the fifth century are, under the most favourable circumstances, 
merely reductions of Ptolemy’s originals, or they are compiled from Ptolemy’s 
‘ Cleograpliy,’ whidi, apart from a few explanatory chapters, consists almost wholly 
of lists of places, with their latitudes and longitudes. 

An examination of Ptolemy’s maps shows very clearly that tliey were almost 
wholly compiled from itineraries, the greater number of which their author borrowed 
from his prixlecessor Marinu.s. It shows, too, that Ptolemy’s critical acumen as a 
■compiler cannot be rated very high, and that he failed to utilise much information 
of a geographical nature which was available in his day. Ills great merit consisted 
in having taught cartographers to construct their maps according to a scientific 


* The three longitudes are the following — 

Ke'ult of anoK'nt 
observations 

Arbela . . 45 ^ E. of C.arthagc . 

Babylon . .12® 30' E. of Alexandr.a . 

Rome . 20° E. of Alexandria 

1891. 


Adopter, bv 
Ftolemv 
. 46° ' 

. 18° 30' 

. 23° 60' 


Actual difier- 
ence of longitude 
. 34° 

14° 18' 

. 17° 24' 
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method. This lesson, however, they were slow to learn, and centuries elapsed^ 
before they once more advanced along the only correct path which Ptohmy had. 
been the tirst to tread. 

During the ‘Dark Ages’ which followed the dismemberment of the Roman 
Empire there was no lack of maps, but they were utterly worthless from a 
scientific point of view. The achievements of the ancients were ignored, and the 
principal aim of the map-makers of the period appears to have been to reconcile 
their handiwork with the orthodox interpretation of the Holy Scriptures. Hence 
those numerous ‘ wheel maps,’ upon wliich Jerusalem is made to represent the 
hub, whilst the western half of the disk is assigned to Europe and Africa, and the 
eastern to Asia. 

As it is not my intention to introduce you to the archa?ological curiosities of 
an uncritical age, but to give you some idea of the progress of cartography, I at 
once pass on to the Arabs. 

The Arabs were great as travellers, greater still as astronomers, but con- 
temptible as cartographers. Their astronomers, fully possessed of the knowledge 
of Ptolemy, discovered the error of the gnomon, they improved the instrumentN 
which they had inherited from the ancients, and carefully fixed the latitudes of 
quite a number of places. Zarkala, the Director of the Observatory of Toledo, even 
attempted to determine the difference of longitude between that place and 
Bagdad ; and if his result differed to the extent of three degrees from the truth,, 
it nevertheless pro^ed a great advance upon Ptolemy, whose map exhibits an error 
amounting to eighteen degree.?. Had there existed a scientific cartographer among 
the Arabs, he would ha^e been able, with the aid of these observations and of the 
estimates of distances madf* by careful (>ll8e^^ers like Abul Hasan, to eflect most 
mateiial corrections in tlie map of the knovsn world. If Edrisis map (11»54) is 
better than that of others of his Arab contemporaries, this is .simply due to bis 
residence at Palermo, where be i\as able to avail liinc'-elf of th<* knowledge of the 
Italians, 

Quite a new epoch in the history of Cartography begins with the introduction 
of the magnetic needle into Europe. Hitherto tlie seaman had governed his course 
by the observation of the heavens ; thenceforth an instrument was placed in hi» 
hands which made him independent of the state of the sky. The property of the 
magnet or ‘ loadstone ’ to point to the north first bt'came known in the eleventh 
century, and in the time of Alexander Neckam (1 185) it was already poised upon a 
pivot. It w'as, however, only after Flavio Gioja of Amalfi (1302) had attached to 
It a compass-card, exhibiting the direction of the winds, that it became of such 
immediate importance to the mariner. It is only natural that the Italians, who 
were the foremost seamen of that age, should have been the first to avail themselves 
of this new help to navigation. At quite an early date, as early probably as the 
twelfth century, they made use of it for their maritime .surveys, and in course of 
time they produced a series of charts upon which the coa.sts frequented by them, from 
the recesses of the Black Sea to the inoiitli of the Bhiiie, are aelineatea for tlie first 
time with surprising fidelity to nature. 1’he appearance of these socalled compass- 
charts, with gaily coloured roses of the winds and a bewildering number of rhumb- 
lines, is quite unmistakable. A little consideration will show you that if the varia- 
tion of the compass had been taken into account in the construction of these charts, 
they would actually have developed into a picture of the world on Mercator’s projec- 
tion. But to deny them all scientific value, Wause they do not fulfil this condition, ia 
going too far. As correct delineations of the contours of tlie land they wore a great 
advance upon Ptolemy’s maps, and it redounds little to the credit of the ‘learned ’ 
geographers of a later time that they rejected the information so laboriously 
collected and skilfully combined by the chart makers, and returned to the defor- 
mities of Ptolemy. The adjustment of these charts to positions ascertained by 
astronomical observations could have been easily efiected. An inspection of 
my diagrams will prove this to you. The delineation of Italy, on the so-called 
Catalan map, is surprisingly correct; whilst Gastaldo, whose map of Italy is nearly 
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^omontanus, for the years 1474 to 1506, which Columbus carried with him on 
^is voyages, nor those of Peter Apianus, for 1621-70, were sufficiently accurate to 
admit of satisfactory results, even though the actual observation left nothing to be 
desired. Errors of 30 degrees in longitude were by no means rare, and it was only 
when Kepler had published his ^ Rudolpliine Tables ’ (1626), which according to 
Lalande formed the basis of all astronomical calculations during a century, that 
more exact results were obtained. The suggestion to determine longitude by 
means of lunar distances or occultations of stars bore no fruit at that time, as the 
knowledge of the complicated motion of the moon was still very imperfect. Still 
less was known about the movements of the satellites of Jupiter which Galileo 
had first espied in IGIO when looking at that planet through his telescope. They 
became available only after tables of their revolutions and eclipses had been 
published by Cassini in 1668. 

Another suggestion for the determination of longitude was made by Gemma 
Frisiiis in 1530, namely, that a clock or timekeeper should be employed for the 
purpose. One of Huygens's pendulum clocks was actually carried by Holmes to 
the Gulf of Guinea, but the results obtained were far from encouraging. 

The difficulties which still attended the determination of longitude in the six- 
teenth century are conspicuously illustrated hy the abortive attempts of a Congress 
of Spanish and Portuguese navigators who met at Badajoz and Yelves in 1624 
for the purpose of laying down the boundary line, which Pope Alexander VI. had 
drawn at a distance of 370 Spanish leagues to the west of Cape Verde Islands, 
to separate the dominions of Spain from those of Portugal. Not being able to 
agree either as to the length of a degree, nor even as to that of a league, they sepa- 
rated without settling the question placed before them. 

So uncertain were the results of observations for longitude made during the 
sixteenth and seventeenth centuries, that it was thought advisable to trust to the 
results of dead-reckoning rather than to tho.se of celestial observations. But the 
method of dead-reckoning is available onl)' when we have a knowledge of the size 
of the eartk, and this knowledge was still very imperfect, notwithstanding the 
renewed measurement of an arc of the meridian by Snellius, the Dutch mathema- 
tician (1615). This measurement, however, is remarkable on account of its having 
for the first time applied the exact method of triangulation to a survey. 

The problem of measuring the ship’s way had been attempted by the Romans, 
who dragged paddle-wheels behind their ships, the revolutions of which enabled 
them to estimate the distance which the ship had travelled. But time, the 
strength of the wind, and the pilot’s knowledge of the qualities of his ship, still 
constituted the principal elements for calculations of this kind, for the ‘ catena a 
poppa ’ which Magellan attached to the stern of his ship was merely intended to 
indicate the ship’s leeway and not the distance which it had travelled. Th' log, 
which for the first time enabled the mariner to carry out his dead-reckoning with 
confidence, is first described in Bourne’s ^ Regiment for the Sea,’ which was pub- 
lished in 1677. 

The eminent position \\ iiich Italian cartographers occupied during the fourteenth 
and fifteenth centuries had to be surrendered by them, in the beginning of the 
sixteenth, to their pupil', the Portuguese and Spaniards, upon whom - 

voyages and discoveries had conierred exceptional advantages. Th' ,, turn, had 
to yield to the Germans, and later on to the Dutch, who were specifically qualified to 
become the reformers of cartography by their study of mathematics and of the 
ancient geographers, as also by the high degree of perfection which the arts of 
engraving on wood and copper had attained among them. German mathematicians 
first ventured to introduce the long-neglected geographical projections of Hip- 
parchus and Ptolemy, and devised others of their own. Werner of Numberg 
(1614) invented an equivalent heart-shaped projection, whilst both Apianus ana 
Staben (1620 and 1622) suggested equivalent projections. Still greater were the 
services of Gerhard Cremer, or Mercator (1612-94), the Ptolemy of the sixteenth 
century, who not onl^ introduced the secant conical projection, but also invented 
that still known by his name, which was calculated to render such great service to 



TRANSACTIONS OF SECTION E. 


709 


the navigator, but was nevertheless not universally accepted until the middle of 
the fifteenth century, when the mediaeval compass and plane charts finally dis- 
appeared. 

The German cartographers of that age are to be commended, not because they 
copied Ptolemy’s maps — for in this they had been preceded by others — but because 
they adopted his scientific methods in producing maps of their own. Their reforms 
began at home, as all reforms should., They were amply supported in their efforts 
by the many astronomers of note of whom Germany then boasted, and by quite a 
staff of local ‘ geographers,’ of whom nearly every district of the empire boasted 
the possession of one. Among these local maps, that of Bavaria, by Philipp 
Bienewitz, or Apianus (1506), holds a distinguished place, for it is the first map on 
a large scale (1 : 144,000) based upon a regular survey. Its errors in latitude do 
not exceed P, and those in longitude 3', which is marvellously correct considering 
the age of its production. Like most maps of the period, it is engraved on wood, 
for though the art of engraving on copper was invented in Germany before 1446, 
and the first map was engraved there in 1450, copper engraving only became 
general at a much later date. 

Perhaps the earliest general map of Germany, and certainly one of the most 
interesting, was that which the famous Cardinal Nicolas of Cues or Cusa com- 
pleted in 1464, the only existing copy of which is to be found in the British Museum, 
where it was ^ discovered’ by Baron Nordenskjokl. Mercator’s map of Germany, 
published more than a century after that of the learned Cardinal (in 1585), was 
naturally far more complete in all respi'cts, and was certainly far superior to the 
maps of any other country existing at tliat time. This fact is brought home to us 
by an inspection of a collection of maps to be found in the well-known Theatrum 
Orbis of Orteliiis (first published iu 1570), where we may see that the maps 
supplied by Humphrey Lloyd and other British cartographers are still without 
degree lines. 

But when wo follow Mercator, or, in fact, any other cartographer of the period, 
into regions the successful delineation of which depended upon an intelligent inter- 
pretation of itineraries and of other information collected by travellers, they are 
found to fail utterly. Nowhere is this utter absence of the critical faculty more 
glaringly exhibited than in the maps of Africa of that period. 

Among the Hutch cartographers of that age one of the foremost places must he 
accorded to Waghenaer of Enkhuizen, whose ‘ Mirror of the Sea,’ a collection of 
charts published in 1583, enjoyed a considerable reputation among British seamen. 
Other famous Dutch publishers of charts were Ortelius, Janssen, Blaeiiw, and 
Vischer, who accumulated large stocks of copper plates, which constituted valuable 
heirlooms, and, not unlike the plates of certain modem map-publishers, supplied 
edition after edition without undergoing any change, except perhaps that of the 
date. 

The age of great discoveries was past. All blanks upon our maps had not yet 
been filled up, but the contours of the great continents stood out distinctly, and in 
the main correctly. Discoveries on a large scale had become impossible, except in 
the Polar regions and in the interior of some of the continents ; but greater precise- 
ness had to be given to the work already done, and many details remainea to he 
tilled in. In this ^ Age of Measurements,’ as Peschel significantly calls it, better 
instruments, and methods of observation superior to those which had sufficed 
hitherto, were needed, and were readily forthcoming. 

Picard, by making use of the telescope in measuring angles (1667), obtained 
results of a degree of accuracy formerly quite unattainable, even with instruments 
of huge proportions. For the theodolite, that most generally useful surveying 
instrument, we are indebted to Jonathan Sission (1787 or earlier). More impor- 
tant still, at all events to the mariner, was the invention of the sextant, generally 
ascribed to Hadley (1731), but in reality due to the genius of Newton. Equally 
important was the production of a trustworthy chronometer by John Harrison 
(1761), which first made possible the determination of meridian distances, and is 
invaluable whenever a correct knowledge of the time is required. One other instru- 
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ment, quite recently added to the apparatus of the surveyor, is the photographic 
camera, converted for his especial benefit into a photogrammeter. This instrument 
can perhaps never be utilised for ascertaining the relative positions of celestial bodies, 
but has already done excellent service in ordinary surveying, especially when it is 
required to portray the sides of inaccessible mountains. 

But the full fruits of these inventions could be enjoyed only after Bradley had 
discovered the aberration of light (1728) and the nutation of the earth’s axis (1747) ; 
Domenique Cassini had furnished trustworthy tables of the refraction of light ; and 
the complicated movement of the moon had been computed by Euler (1746), Tobias 
Mayer (1763), Bradley (1770), and, more recently by Hansen. 

Positively novel methods for determining the latitude and longitude of a place 
can scarcely be said to have been proposed during this period, but many of the 
older methods only became really available after the improvements in the instru- 
ments indicated above had taken place, and the computations had been freed 
from the errors which vitiated them formerly. 

Heal progress, however, has been made in the determination of altitudes. 
Formerly they could be ascertained only by trigonometrical measurement, or by a 
laborious process of levelling, but since physicists have shown how the decrease of 
atmospheric pressure with the altitude, and the boiling-point of water depending 
upon this decrease, afforded a ready means of determining heights, the barometer, 
aneroid, and boiling-point thermometer have become the indispensable companions 
of the explorer, and our knowledge of the relief of the land has advanced rapidly. 

Equally rapid have been the improvements in our instruments for measuring 
the depth of the ocean, since a knowledge of the configuration of its bed was 
demanded by the practical requirements of the telegraph engineers. 


And in proportion as the labours of the surveyors and explorers gained in pre- 
ciseness, so did the cartographer of the age succeed in presenting the results achieved 
in a manner far more satisfactory than had been done by his predecessors. His 
task was comparatively easy so long as he only dealt wdtli horizontal dimensions, 
though even in the representation of these a certain amount of skill and judgment 
is required to make each feature tell in proportion to its relative importance. 
The delineation of the inequalities of the earth’s surface, however, presented far 
greater difficultie.s. The mole-hills or serrated ndge.s, which had not yet quite 
disappeared from our maps in the beginning of this century, failed altogether in 
doing justice to our actual knowledge. The first timid attempt to represent 
hills as seen from a bird’s-eye view, and of shading them according to the steep- 
ness of their slopes, appear on a map of the Breisgau, published by llomann m 
1718. We find this sy.stem fully developed on La Condamine’s map of Quito, 
published in 1761, and it was subsequently popularised by Arrowsmith. In this 
crude system of hill shading, however, everything w^as left to the judgment of the 
draughtsman, and only after Lehmann (1783) had superimposed it upon a ground- 
work of contours, and had regulated the strength of the hatching in accordance 
with the degree of declivity to be represented did it become capable of conveying 
a correct idea of the configuration of the ground. 

The first to fully recognise the great importance of contours was Philip 
Buache, who had prepared a contoured map of the Channel in 1737, and suggested 
that the same system might profitably be extended to a delineation of the relief 
of the land ; and this idea, subsequentlv taken up by Ducarla of Vahres, was for 
the first time carried into practice by t)upain-Triel, who published a contoured 
map of France in 1701. Up to the present time more than eighty methods of 
showing the hills have been advocated, but it may safely be asserted that none 
of these methods can be mathematically correct unless it is based upon horizontal 
contours. 

The credit of having done most towards the promotion of cartography in the 
course of the eighteenth century belongs to France. It was France which first 
equipped expeditions to determine the size of the earth ; France which produced 
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Ihe first topographical map based upon scientific survey — a work begun by Cdsar 
Francois Cassini in 1744, and completed by his son five years after his lather's 
death ; it was France again which gave birth to D’Anville, the first critical 
cartographer whom the world had ever seen. 

Delisle (1675-1726), a pupil of Cassini's, had already been able to rectify the 
maps of the period by utilising the many astronomical observations which French 
travellers had brought home from all parts of the world. This work of reform 
was carried further by D’Anville (1G97-1782), who swept away the fanciful lakes 
from off the face of Africa, thus forcibly bringing home to us the poverty of our 
knowledge ; w;ho boldly refused to believe in the existence of an Antarctic con- 
tinent covering half the southern hemisphere, and always brought sound judgment 
to bear upon the materials which the ever-increasing number of travellers placed 
at his disposal. And whilst France led the way, England did not lag far behind. 

In that country the discoveries of Cook and of other famous navigators, and the 
spread of British power in India, gave the first impulse to a more diligent cultiva- 
tion of the art of representing the surface of the earth on maps. There, to a greater 
extent than on the Continent, the necessities of the navigator called into existence 
a vast number of charts, amongst which are many hundreds of sheets published by 
Dalrymple and Joseph Desbarres (1776). Faden, one of the most prolific pub- 
lishers of maps, won distinction e8})ecially for his county maps, {several of which, 
like that of Surrey by Linley and Gardner, are based upon trigonometrical surveys 
carried on by private individuals. England was the first to follow the lend of 
France in undertaking a regular topograjihical survey (1786). Nor did she lack 
critical cartogra])her.s. James Renntdl (b. 1742) sagaciously arranged the vast 
mass of important information collected by British travellers in India and Africa ; 
but it is chiefly the name of Aaron AiTOwsmith (died 1823) with which the glory 
of the older school of English cartographers is most intimately connected. Arrow- 
smith became the founder of a family of geographers, whose representative in the 
third generation, up to the date of his death in 1873, worthily upheld the ancient 
reputation of the family. Another name which deserves to be gratefully remem- 
bered is that of John Walker, to whom the charts published by our Admiralty 
arc indebted for that perspicuous, firm, and yet artistic execution which, whilst it 
enhances their scientific value, also facilitates their use by the manner. 

Since the beginning of the present century Germany has once more become the 
head-quarters of scientific cartography ; and this is due as much to the inspiriting 
teachings of a Bitter and a Humboldt as to the general culture and scientific 
training, combined with technical skill, commanded by the men who more 
especially devoted themselves to this branch of geography, which elsewhere was 
too frequently allowed to fall into the hands of mere mechanics. Men like 
Berghaus, Henry Kiepert, and Fetermann, the best-known pupil of the first of 
these, must always occupy a foremo.st place in the history of our department of 
knowledge. Berghaus, who may be truly described as the founder of the modern 
school of cartography, and who worked under the immediate inspiration of a Bitter 
and a Humboldt, presented us with the first comprehensive collection of physical 
maps (1837). Single maps of this kind had, no doubt, been published before — 
Kircher (1666) had produced ii map of the ocean currents, Edmund Halley (1686) 
had embodied the results of his own researches in maps of the winds and of the 
variation of the compass (1686), whilst Bitter himself had compiled a set of 
physical maps (1806)— but no work of the magnitude of Berghaus’s famous 
Fhysieal Atlas had seen the light before. Nor could it have been published even 
then had it not been for the unstinted support of a firm like that of Justus Perthes, 
already the publisher of Stieler’s Atlas (1817-23), and subsequently of many other 
works which have carried its fame into every quarter of the globe. 

And now, at the close of this nineteenth century, we may fairly boast that 
the combined science and skill of surveyors and cartogi*aphers, aided as they are 
by the great advance of the graphic arts, are fully equal to the production of a 
map which shall be a faithful image of the earth’s surface. Let us imagine for one 
moment that an ideal map of this kind were before us, a map exhibitingnot merely 
the features of the land and the depth of the sea, but also the extent of forests and 
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oif i)a8ture-laiids, tho distribution of human habitations, and all those features the 
representation of which has become familiar to us through physical and statistical 
ati( ses. Let us then aiial^'se the vast mass of facts thus placed before us, and we 
shall find that they form quite naturally two well-defined divisions — namely, those 
of physical and political geography, whilst the third department of our science, 
mathematical geography, deals with the measurement and survey of our earth, the 
ultimate outcome of which is the production of a perfect map. 

I shall abstain from giving a laboured definition of what I consider geography 
should embrace, for definitions of this hind help practical workers but little, and will 
never deter anyone who feels disposed and capaole from straying into fields which 
an abuse of logic has clearly demonstrated to lie outside his proper domain. But 
I wish to enforce the fact that topography and chorography, the description of 
particular places or of entire countries, should always be looked upon as integral 
portions of geographical research. It is they which furnish many of the blocks 
needed to rear our geographical edifice, and which constitute the best tmining 
school for the education of practical geographers, as distinguished from mere 
theorists. 

That our maps, however elaborate, should be supplemented by descriptions will 
not even be gainsaid by those who are most reluctant to grant us our independent 
existence among the sciences which deal with the earth and its inhabitants. 
This concession, however, can never content us. We cannot allow ourselves to be 
reduced to the position of mere collectors of facts.* We claim the right to discuss 
ourselves the facts we ba^e collected, to analyse them, to generalise from them, 
and to trace the correlations Indween cause and effect. It is thus that geography 
becomes comparative ; and wliilst comparative physical geography, or morphology* 
seeks to explain the origin of the existing surface features of our earth, comparative 
political geography, or anthropo-geogra])hy, as it is called by Dr. Ratzel, one of 
the most gifted representatives of geographical science in Germany, deals with man 
in relation to tht* geographical conditions which influence him. It is this depart- 
ment of geography which was so fruitfully cultivated by Karl Ritter. 

Man is indeed in a large mca.sure ‘the creature of his environment,’ for who 
can douht for a moment that geogi’apliical conditions have largely influenced 
the destinies of nations, have directed the builders of our towns, determined the 
paths of migrations and the march of armies, and have impressed their stamp even 
upon the character of those who have been subjected to them for a sulliciently 
extended period. 

The sterile soil of Norway, bordering upon a sea ricli in il^Il, coiuerted the 
Norwegians first into fishermen, and then into the bold mariners who ravaged the 
shores of Western Europe and of the Mediterranean and first dared to cross the 
broad waves of the Atlantic. Can it be doubted that the uniformly broad plains, 
of Eastern Europe contributed largely to the growth of an empire like that of 
Russia, stretching from the Arctic to the Black Sea; or flial the more varied con- 
figuration of Western and Seiitliern Eurojie promoted the development of distinct 
nationalities, each having a history of its own, and presimting individual traits 
which characteristically mark it ofi^ from its neighbours ? 

The intelligent political geographer cannot contemplate the great river systems 
of the continents without becoming aware that their influence has been very 
diverse, and is not solely dependent upon size or volume. The rivers of Siberia, 
ice-bound during the greater part of the year, run to wa.ste into an inliospitable 
ocean, which even our modern resource of steam has failed to render really acces- 
sible. They contrast very unfavourably, notwithstanding their huge size, with the 
far smaller rivers of Northern Europe, which open freely into the sea and afford 
navigable highways into the very heart of the continent. And these European 
rivers, fed as they are by rain.s falling in all seasons, and by the ice stored up in 
the recesses of the Alps, again differ very widely in tlieir character from the rivers 
of tropical regions, dependent upon an intermittent supply of rain. Again, who 
can look upon such mighty rivers as the Amazon and Mississippi without becoming^ 
conscious of the fact that they have given geographical unity to regions of vast 
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extent, which, had their drainage been different, would have presented all the 
variety which we meet with in Europe — a variety which has proved so favourable 
to the progress of human culture and civilisation r 

It is an old remark that climatic conditions exercise a most powerful influence 
upon man, and that the development of countries, where Nature yields the neces- 
saries of life without requiring a serious effort on the part of the inhabitants, haa 
been very different from those whose climatic conditions compel the putting forth 
of a certain amount of well-directed energy to make life bearable, or even possible. 

These instances of the dependence of human development upon natural resources 
and geographical features miglit be multiplied, and their study must at all times be 
profitable and instructive. It must not, however, be assumed for one moment that 
this dependence of man upon Nature is absolute. The natural resources of a 
country require for their full development a people of energy and capacity ; and 
instances in which they have been allowed to lie dormant, or have been wasted, art^ 
numerous. What were America and Australia, as long as they remained only the 
homes of the wandering savages who originally inhabited them ; and what has 
become of certain countries of the East, at one time among the most flourishing- 
regions of the earth, but presenting now a most deplorable picture of exhaustion 
and decay ? The geographer must not shut his eye to the fact that the existing 
state of affairs is not merely the outcome of given geograpliical conditions and 
natural resources, but has in a large measure been brought about by man’s conquests 
over the forces of Nature. We do not exaggerate, for instance, when we assert 
that the introduction of steam as a motive force has largely changed the geographi- 
cal relations of countries. By facilitating intercourse between distant regions, and 
encouraging travel, it has tended to uniformity among nations, and rendered avail- 
able for the common good resources which otherwise must have lain fallow. A 
tunnel, such as that under the Saint Gotthard,, may not have ‘abolished’ the Alps, 
but it certainly has brought the populations who occupy their opposite slopes 
nearer to each other, and has given a new direction to commerce. 

Perhaps one of the most instructive illustrations of the complex human agencies 
which tend to modify the relative importance of geogi’aphical conditions is pre- 
sented to us by the Mediterranean. The time when this inland sea was the centre 
of civilisation and of the world’s commerce, whilst the shores of Western Europe 
were only occasionally visited by venturesome navigators or conquering Roman 
hosts, does not lie so very far behind us. England, at that period, turned her face 
towards Continental Europe, of wdiich it was a mere dependency. The prosperity 
of the Mediterranean countries survived far into the middle ages, and Italy at one 
time enjoyed the enviable position of being the great distributor of the products of 
the East, which found their way across the Alps into Germany, and through the 
gates of Gibraltar to the exterior ocean. But a change was brought about, 
partly through the closing of the old Oriental trade routes, consequent upon the 
conquests of the Turks, partly through the discovery of a new world and of a 
maritime highway to India. When Columbus, himself an Italian, returned from 
the West Indies in 1493, and Va.sco da Gama brought the first cargo of spices from 
India in 1499, the star of Italy began to fade. And whilst the spices of the Indies 
and the gold of Guinea poured wealth into the lap of Portugal, and Spain grew 
opulent on the silver mines of Mexico and Peru, Venice was vainly beseeching 
the Sultan to re-open the old trade route through the Red Sea. The dominion of 
the sea had passed from Italy to Spain and Portugal, and passed later on to the 
Dutch and English. But mark how the great geographical discoveries of that age 
affected the relative geographical position of England I England no longer lay on 
the skirts of the habitable world, it had become its very centre. And this natural 
advantage was enhancedhy the colonial policies of Spain and Portugal, who exhausted 
their strength in a task far beyond their powers, took possession of tropical countries 
onljr, and abandoned to England the less attractive but in reality far more valuabW 
regions of North America. England was thus enabled to become the founder of 
real colonies, the mother of nations ; and her language, customs, and political insti- 
tutions found a home in a new world. 

And now, when the old highway through the Red Sea has been reopened,. 
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when the wealth flowing through the Canal of Suez is beginning to revivify the 
commerce of IjfeaJy, England may comfort herself with the thought that in her own 
colonies and in the states which have sprung up across the Atlantic she may find 
ample compensation for any possible loss that may accrue to her through geographi- 
cal advant^es being once more allowed to have full play. 

I am afraid I have unduly tried your patience. I believe you will agree with 
me that no single individual can be expected to master all those departments which 
are embraced within the wide field of geography. Even the master-mind of a 
Humboldt fell short of this, and facts have accumulated since his time at an appal- 
ling rate. All that can be expected of our modern geographer is that he should 
command a comprehensive general view of his field, and that he should devote his 
energies and capacities to the thorough cultivation of one or more departments that 
lie within it. 


The following Papers were read : — 

1, The Art of Observing. Bg John Coles, F.R.A.S., Map Curator and 
Instructor in Practical Astronomy and 8%irveyiiig to the Royal Geo- 
graphical Society. 

In this panel* the art of observing with portable instruments, for latitude and 
longitude, is aescribed, as well as the use ot such simple surveying instruments as 
the plane table and prismatic compass. The dilierent methods suitable to explorers 
of fixing positions by astronomical observations are explained, and the manner in 
which they may be taken so as to eliminate errors is pointed out. The latter part 
of the paper deals with surveying, fixing heights by oarometer, route surveying in 
a jungle or forest, and concludes with a description of the Solar Compass attach- 
ment, as applied to theodolites for finding the true meridian, and some remarks on 
Mercator’s projection in cases where it is required to lay down bearings, ♦fee., or 
plot a route. The author also caUs attention to the fact that such instruments as 
the plane table and prismatic compass might be used witli advantage in schools, 
and that such practical teaching in the field could not fail to give pupils a more 
intimate knowledge of the principle on which maps are constructed and surveys 
carried out than they could gain in any other way. 


2. Recent Geographical Progress in Great Britain, 

By J. Scott Keltie. 

Mr. Keltic referred to the efforts made by the Royal Geographical Society 
during the last twenty-six years to improve the position of geography in British 
schools. For about twenty years the Society offered prizes annually to be com- 
peted for by the pupils of the great public schools ; but very few schools availed 
themselves of the examination, and so few candidates came forw*ard that the 
scheme was dropped. The Society also instituted a course of lectures by eminent 
men of science on various aspects of geography, in order to improve the prevailing 
conception of the subject, hut this also had little result. 

In 1884 the Society appointed Mr. Keltie to conduct an inquiry into the posi- 
tion of geography in educational institutions in Great Britain and in the Continent 
of Europe. He visited the leading schools in the British Islands, conferred with 
the University authorities of Oxford and Cambridge, and inquired into the posi- 
tion of the subject in the examinations for the public service. He visited France, 
Germany, Austria, Switzerland, Italy, Belgium, Holland, and made inquiries con- 
cerning other European countries, as well as the United States of America. Mr. 
Keltie also collected the materials for an exhibition of appliances used in geogra- 
phical education. He presented to the Society a report on the results of his 
inquiry. The exhibition was held in London, Birmingham, Bradford, and Edin- 
burgh, and in connection therewith a series of lectures on various aspects of geo- 
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jgraphj were ^iven by a number of specialists. On the basis of the report and its 
recommendations, the Council of the Royal Geographical Society took action in 
order to improve the position of geography in the British Islands. The result 
•during the past six years has, on the whole, been satisfactory. 

Lecturers (ranking with professors) of geography have been appointed at the 
Universities of Oxford and Cambridge, where before the subject was not recog- 
nised. The Oxford lecturer, Mr. H. J. Mackinder, has been most successful, and 
at that university the subject is taking an important place, both on its own 
.account and in its relations to the historical and scientific studies of the university. 
It is hoped that in Cambridge equally satisfactory progress will be made. 

The great public schools are influenced by the universities ; but as yet the 
general subject is not recognised in these schools as it ought to be, though physical 
geography is generally taught. Even in these schools, however, there are signs 
of improvement. Among the mass of middle-class schools, the subject is spread- 
ing, and a higher conception begins to prevail. 

In the elementary schools, which are now under Government jurisdiction, the 
programme prescribed is highly satisfactory, though unfortunately the subject is 
not compulsory. In the training colleges or normal schools the position of geo- 
graphy is, on the whole, satisfactory ; the Royal Geographical Society awards 
prizes each year on the results of the examinations in geography in the normal 
schools. 

In the lectures which are given all over the country to thousands of students 
by members of the Universities of Oxford and Cambridge, geography holds an 
important place. What is known as commercial geography is also attracting 
great attention. 

As a result of tlie action of the Society the general conception of geography has 
greatly improved in England ; the leaders of the movement of reform, following 
Ritter and Peschel and their disciples, regard geography mainly as dealing with 
the earth’s surface ns the topographical environment of humanity. 


3. Trees and Prairies. By Mif.ler Chkisty. 


4. The Homoloyy of Cmifinents. By Dr. Hugh R. Mill, F.B.S.E. 


5. On the Comparative Value of African Lands. By Arthur Silva White, 
F.B.S.E., Secretary to the Boyal Scottish Geographical Society. 

This paper explained the principles on which a novel map of Africa has been 
-designed by the author to illustrate (1) areas of highest resistance against the 
European domination, (2) areas of highest relative value to the European Powers^ 
and (3) the intermediate or transitional regions. A free reading of the map shows 
the lines of least resistance against the European domination in Africa. 


PJIIBAY, AUGUST 21. 

The following Papers were read : — 

1. On Acclimatisation.^ By Robert W. Felkin, M.D. 

The subject of acclimatisation increases in importance every year, and during 
the past few years many papers have been read in reference to it. It is therefore 
Tery difficult to find anything new to say about it. There are two schools of 

* Printed in fuU in the Scottish Geographical Magazine, p. 647, December 1891. 
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thought, the one regarding acclimatisation as impossible, the other more sanguine 
and pronouncing it possible. Probably the truth will be found to be a mean between 
the two. In considering the subject, it is necessary to specify first, the various nations 
who are to be acclimatised, and secondly, the places where they are to be located. 
As regards the first point, the national characteristics, habits, customs, and environ- 
ment must be taken into account, and w'ith respect to the second, the nature of the 
country, its climatology, its inhabitants, their mortality and endemic diseases must 
be brought under survey. The next point is to classify the various European 
nations; and it bec5raes evident that they can only become readily acclimatised in 
the temperate zone, where climatic and other conditions are approximately akin to 
their present habitat. 

In reference to Europeans becoming acclimatised in the Tropics, what are 
those factors which prevent it or which must be overcome before it is 
possible ? They are as follows : — Heat, cold, damp, various endemic diseases, 
especially malaria, and those constitutional conditions induced by climate which 
either destroy the immigrants or diminish their fertility after one or two genera- 
tions. Progress has been made during recent years in enabling persons to reside 
longer and to enjoy greater health in the Tropics. What probability is there that 
science will accomplish still more in rendering acclimatisation possible for 
Europeans in tropical countries ? 

2. Changes in Coast Lines, By Dr. J. S. Phene, 

Dr. Phen^ pointed out that the changes in the configuration of the coast lines 
of the earth exceeded even the large estimate of those who attributed so much to 
erosion by rivers, glaciers, and general aqueous causes. The contiguous currents 
in the Gulf of Florida, which originated the Gulf Stream, attested by the results 
of their operation deeades of millions of years; and the configuration of what 
were now the British Blands ap[)eare<l mainly due to that infiiienoi*. 


3. Morocco as a Field for Geographers. By J. E. Budgett ]Meakin. 

Only a small portion of the country is at all fairly known, and on the whole it 
may be considered, not only for geographers, but for nil men of science, as virgin soil. 
Only one traveller has explored the famous Atlas to any extent, and given to 
the world satisfactory maps and other topographical data. This is the Baron de 
Foucauld, who travelled some years ago in the disguise of a Jewish Ilabbi. The 
fiiilure of all others who have attempted this task has been due to their unsuit- 
ability, chiefly arising from their ignorance of the people and the language. Itohlfs 
penetrated as far as I)e Foucauld, on the whole, but had no means of preserving a 
scientific record. The only authority with regard to the flora and geology of any 
portion of the highlands is the work of Hooker and Ball. There is no reliable 
map of Morocco, the only real attempt having been made by Capt. Baudouin, for 
the French War Office, in 184S. This is compiled partly from actual observation 
and the records of travellers, but for the most part depends on the vague informa- 
tion of natives. 

The configuration of the Atlas is considerably different from that shown on 
naost maps. Instead of one long chain stretching in a south-westerly direction, it 
is in reality composed of three more or less parallel lines, which are heat defined as 
the Medium, the Great, and the Lesser Atlas ; the first named being the northern- 
most, and the last bordering on tlie Sahara. Of these only the centre of the Great 
Atlas has been to any extent explored. 


4. On the Aborigines of Western Atiatralia. By Miss E. M. Clerkb. / 

The monastic settlement of New Nursia, seventy miles from Perth, in Westeir 
Australia, is the most striking refutation of the generally received belief in tl^* 
irredeemable degradation of the Australian aborigines. Founded in 1B46, by 
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Spanish Benedictines, Fathers Serra and Salvado, who gradually won the con- 
hdence of the natives by sharing their pursuits, it now forms a flourishing 
industrial colony, consisting of a monastery, church, and schools j surrounded by a 
vast cultivated domain, workshops for different trades, and a native village of 
about fifty cottages inhabited by as many Christian families. One of the girls 
trained here is in receipt of a Government salary as head of the post and telegraph 
office ; in which, when absent on sick leave, she was efficiently replaced on short 
notice bv one of her companions. The boys, too, learn with great facility, and 
many of them prove steady tradesmen or trustworthy servants and foremen. 

In the wild state these aborigines are cannibals who devour the flesh of their own 
kinsfolk and exhume for food bodies after three days’ burial. They believe in an 
omnipotent creator and an evil principle, but do not propitiate either by worship ; 
regard the moon as maleficent, the sun as a benefactor, and the stars as a numerous 
family sprung from the marriage of several couples amongst them. The soul is 
believed to survive after death in a disembodied state, and to transmigrate into the 
body of others, remaining in that of the last of the party who approach to invite 
it. They are grouped in families of ten or twelve under the absolute rule of the 
head, but no lonf^er, as formerly, form tribes by the agglomeration of these 
families. The men are prohibited from marriage before the age of thirty, have 
often but one wife, sometimes two, and a larger number only when they adopt 
those of relatives or friends left otherwise unprotected. Defective infants and 
superfluous girls are killed, hut the others are reared with great tenderness, which 
is also exhibited to aged parents. 

5. The Application of Indian Gno(jrap}ii.cal Sttrneij Methods to Africa} 

By Lieut. -Colonel T. H. Holdicii, B.E. 

The origin of the paper is requcvsts from private sources for information as to 
the heat methods of commencing surveys in Africa. These surveys may be assumed 
to be of a geographical rather than a revenue class, and to have in view objects 
similar to those obtained by the geographical surveys carried out by Indian survey 
officers. An outline of the methods proposed may be summarised as — 

1. The adoption of a rapid sy.stem of triangulation along the most important 
lines for first survey. 

2. The extension of a graphic system of mapping from these lines by means 

■chiefly of native labour. , 

The most important lines for first survey are the international boundary lines. 
Until lately England has been peculiarly free from the necessity of demarcating or 
maintaining national boundaries. Even India offers but a comparatively short 
line for defence. The new partition of Africa largely increases her responsibilities 
in this respect, though tliere may be no immediate cause for action. 

There is, however, a great necessity for a topographical acquaintance with the 
boundaries adopted. Only a small portion of them apparently follow permanent 
natural features, the rest being defined by rivers, &c. 

Danger of river boundaries and uncertainty of some other forms of boundary. 

It would appear, then, advantageous to commence triangulation along the 
boundary lines. This is, however, so far a national or international question, and 
consequently in these preliminary stages of survey State assistance might very 
well be expected, and Imperial resources drawn upon for carrying it out. 

1. What are these resources ? 

2. What is the nature of surveys already existing in Africa ? 

8. What is the nature of the survey we ought to build up 

Replying to 2 and 3 we find that it a continuous and comprehensive scheme is 
lO be adopted, with unity of design for all the scattered districts of the African 
colonial system, nothing has very much been done as yet which would assist us in 
carrying out our scheme. This scheme should be largely borrowed from experi- 
ences iu Asia. A consideration of it shows (in reply to 1) to what extent Imperial . 

* Printed in full n the Proceedings of the JRjoyal Oeograpldcal Society^ p. 696, 
October 1891. 
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survey resources might be utilised during the processes of laying out the pre- 
liminary lines of triangulation. From this triangulation the extension of topo- 
gra^y would thereafter probably depend on private enterprise. 

Then follows a short consideration of the general topographical processes a» 
carried out by natives of India, of the value of such native labour, and of the 

S ossibility of raising survey establishments in Africa similar to those which hava 
one such excellent work in Asia. 


6. Bar-Subtense Survey} By Colonel Henry Tanner, Indian Survey. 

The paper dealt with a system of survey carried out by Colonel Tanner during 
the past four years in the Punjab Himalayas, with suggestions as to its adapt* 
ability for isolated surveys of unexplored countries. 


SATURDAY, AUGUST 22. 

The following Paper was read : — 

1. Suggestions for the Revision and Improvement of the Large Scale Maps of 
the Ordnance Survey. By Henry T. Crook, G.E. 

Keforms having been promised in the Ordnance Survey productions, it is desira- 
ble to consider whether the large scale plans and maps answer the requirements of 
those who chiefly use them, namely, engineers, geologists, and other scientific men, 
and those engaged in the administration of imperial and local affairs. The purposes 
which the Cadastral Survey has to subserve are constantly increasing with the 
advance of scientific knowledge. It is admitted that the production of this class of 
maps is a proper function of Government. The efficiency of the organisation and 
the accuracy of the work done by the survey department is not disputed, but there 
is room for much improvement in the style of maps published, ana in the amount 
of information conveyed. No adequate provision has been made for the revision 
of the survey, and in consequence a very large portion of the maps is obsolete. 
The author makes suggestions for clearing off the arrears of revision work, and for 
maintaining the survey maps reasonably up to date. He proposes that the country 
should be divided into districts under superintendents, each district office being 
charged with the revision of the maps of its district within a limited period. He 
suggests that the services of these district offices might be at the disposal of anyone 
requiring plans or maps with manuscript corrections up to date on payment of 
suitable fees. He thinks by these means the cost of maintaining the survey would 
be materially reduced. Then follow some suggestions for improving the six-inch 
county maps, and he concludes by urging that the scale of prices should be revised, 
and that better indexes should be provided for the diflerent maps. 


2 . Mr. Ravensfem explained a Series of Maps illustrating his 
Presidential Address to the Section. 


3 . A Local Collection of Maps was described by the Librarian of the 
Public Library. 


1891. 


Printed in the Proceedings of the Royal Geographical Society ^ p. 676, November 
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MONDAY, AUGUST 24. 

The following Papers were read : — ■ 

1. Antarctic Exploration. By E. Delmar Morgan.^ 

The author pointed out that no serious attempt has been made to explore the 
South Polar region since the expedition under Sir James Ross fifty years ago. 
He urged that it was the duty of the British Government to take the work in hand^ 
and to send an expedition equipped to spend a year in the highest attainable 
latitude. 


2. Photography applied to Exploration^^ By James Thomson. 


3. Journeys to the Lalce Ngami Region. By Harry D. Buckle. 


4. A Visit to Kilimanjaro and Lake Ghala. By Mrs. Erench Sheldon. 

Mrs. Sheldon succeeded in descending to the small crater, Lake Chala, at the 
S.E. foot of Kilimanjaro. The results of her observations will be found in the 
* Proceedings, R.G.S.’ for July 1891. 


5. The Geography of South-West Africa.^ By Dr. Henry Schlichter. 

South-West Africa is in many respects only imperfectly known to geographers. 
Our information about Great Namaqualand, the western Kalahari, the large Kaoko 
district, and the belt between the Atlantic Ocean and the highlands of the interior 
is by no means satisfactory. Since Germany has acquired territories in South- 
West Africa many scientific and other travellers have traversed the German sphere 
of influence, and hereby contributed to our knowledge of the country. But geo- 
graphical science has not yet gained much by these recent German explorations, 
for, with the exception of a few books and scientific publications, all the information 
has reached the public and been preserved only in various German papers and 
periodicals, mixed with many more or leas unimportant colonial matters. The 
author has therefore tried to collect the geographically important facts from these 
sources. 

Moreover, the old explorations of South-West Africa needed revision. Mr. 
Theal, who hns searched the archives of the Cape colony, has recently discovered 
that the Orange River was known before Gordon reached it in 1777, and that in 
1761-62 a well-equipped expedition penetrated into the interior of Namaqualand, 
much farther north than Paterson, Gordon, and other travellers did. In 1791-92 
a second exploring party reached a point .still further north. But these interesting 
journeys were soon afterwards forgotten. The author has found that the British 
Museum contains the full diary (printed in Amsterdam, 1778) of the first of these 
expeditions, and as Mr. Theal has given only short reports, without going into 
geogi’aphical details, the author has examined this diary and compared it with the 
literature of the present and the last century. lie finds that this old expedition is 
of considerable importance for our knowledge of South-West Africa 

The object of the author in this paper, therefore, is to collect and criticise the 
new and old reports unknown to geographers and to give a correct account 
of vhe present state of the geography of South-West Africa. 

^ See Proceed\ny& of the Jtoyal Geographical Society, p. 632, October 1891. 

“ Printed in the Proceedings of the Royal Geographical Society, p. 669, November 
1891. 

* Published in full in the Scottish Geographical Magazine for September and 

October 1891. 
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TUESDAY, AUGUST 25 
The following Papers were read : — 

1. The Siam Border} By Lord LA^riNoroN. 


Colorado. By Dr. Bell. 


3. The Physical and Industrial (Jeoyrajdiy of Florida. 

By Arthur Muntefiorb, F . C . S ., F . lt . G . S . 

General . — Florida is a peninsula with certain unique characteristics. Though. 
nn integral part of North America, a large portion of it belongs, climatically and 
botanically, to the West Indies. The southern half of the peninsula is sub- 
tropical, the extreme south tropical. Florida lies between 24° 2o' and ;ll° 0' 
N. Lat. ; 80° 2' and 87° 37' W. Long. Its area is 58,680 square miles — about 
that of England and Wales. Of this, 4,440 square miles are water. The extreme 
length is 465 miles, of which 400 miles belong to peninsular Florida and 65 miles 
to continental Florida. The average breadth of the peninsula is 100 miles. The 
coast line is variou.sly estimated — about 1,200 miles is approximate. Florida, 
though the largest of the States E. of the Mississippi, is one-third the size of 
California. It is forty-five times the size of Rhode Island. The west, south, and 
east coasts are much influenced by the Gulf Stream, which escapes into the Atlantic 
through the Florida Strait ; as it turn.s northward along the S.E. coast, it is a 
volume of water 2,000 feet deep, 30 miles wide, flowing with a velocity of five 
miles an hour, and ])osse8sing a temperature of 84° Fahr. The most remarkable 
inlet is the Indian Itiver, on the E. coast. It is about 130 miles in length from 
N. to S., is salt and tidal, has an average width of a mile, and is seldom further 
than a mile from the ocean. The southern extremity of the peninsula is a net- 
work of lagoons and reefs united and formed by mangroves, and presenting to the 
Gulf Stream the long barrier of coral reefs known as the Florida Keys 

Surface . — With the exception of Louisiana, Florida has the lowest average 
altitude of any State in the Union. The low watershed of the peninsula follows 
the anticlinical whose axis runs N. and S. through the central and northern 
regions, and it s])reads out here and there into a low group of rolling hills. The 
loftiest point is Table Mountain, by Lake Apopka, and is barely 500 feet. The 
altitude of the great .swampy tract called the Everglades (10,000 square miles), 
which lies in the extreme south, is, at its northern point, 16 feet, and at its 
southern point 5’6 feet above sea-level. The majority of the lakes are situated in 
the higher rolling country at altitudes from 150 to 300 feet ; but there are many 
that are low — e.y. Okeechobee (1,000 square miles), 20’44 feet. Tlu^ main aspect 
of the surface is rolling country with light sandy soil, and heavy and continuous 
forests of long-leaved yellow pine {^Pinus australiti), pitch pine (Pinwt cuhensis). 
Low hummocks frequently occur with clayey soil, topped, with fibrous humus, and 
liaving dense growth of cypress {Taxodiuin distichmn)^ red bay {Persea ^caro^ 
hnensisf live oak {Quercus virens), palmetto, magnolias, mahogany, swamp ash 
( Fraxinus viridis), Ficus aurea, &c. Numerous rivers and streams, and about 
1,600 lake.s and ‘springs,’ diversify the surface. Swamps and ‘prairies’ — low 
grassy land with standing water — are frequent. 

Hydrography . — Florida is dominated by water. It has numerous rivers, and 
streams, and lakes. Nineteen of its rivers are at present navigated by steamers 
to a total distance of 1,000 miles. The waterway navigable by boats is nearly 
ten tm^ this length. The only important rivers that empty into the Atlantic 
are the St. Mary’s and St. Johns Rivers. The former forms the natural boundary 

* Procccdingt of tlte Uoyal Geographical Society ^ p. 701, December 1801. 
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■between Georgia and Florida. The latter rises within ten miles of the Ocean into- 
which, after a N.W. course of 300 miles, it flows. Into the Gulf of Mexico flow 
the Caloosahatchee, draining Lake Okeechobee ; the Peace liiver, which rises in 
the highlands west of Lake Kissimmee, and flows S. W. ; the Withlacoochee, rising 
in the same highlandi^ md flowing N.W. ; the Suwannee rising in the Okefenokee 
swamp of Georgia ; and the Apalachicola. 

Of lakes and ‘ springs ’ there are about 1,600. Some are mere expansions of a 
river’s course, but the majority occur in the high rolling district which runs N. 
and S. through the peninsula. Okeechobee (1,000 square miles) is the largest. 
The water is quite clear. The springs are sulphurous, and occur everywhere. 
Silver Spring, 200 yards in diameter and 30 yards deep, is the largest. 

Climate. — The water surface of Florida is 4,440 square miles. The isotherms run 
from W. to E. in an E.N.E. — N.E. direction. The isotherm of 76° mean annual 
runs from Tampa Pay to Cape Canaveral, and represents that of the important section, 
of central or semi-tropical Florida. The average mean of Jacksonville, the in- 
dustrial capital, and tlie northern limit of the orange belt, for twenty years has 
been for January 65° and for August 82°. At Key West, sub-tropical Florida, 
the mean for January is 71*04°, and for August 84*33°. The annual mean 
humidity is C8'8. Rainfall during the five winter months at Jacksonville = 16*62 ; 
at Key West 9*10. The annual rainfall at Jacksonville is 64 inches. The pre- 
vailing winds are from the S.E., blowing from the tropics over the heated Gulf 
Stream and N.E , also over the stream. This makes the E. coast milder than the 
W. The W. coast also occasionally suflers from a cold ‘ snap,’ which has descended 
the Mississippi Valley. 

Geology and Soil. — As far as has yet been ascertained, the oldest strata are, 
if not coeval, at least similar or equivalent to the Tertiaries of the Thames Valley, 
or those of the Paris Busin. But all the divisions of the Tertiaries are represented. 
The h^ocene is prc'sent in great depth ; the Miocene and Pliocene are less thick j 
Pleistocene beds are very thick. Fossil remains have been found, not only of the 
mastodon, but of hippopotamus, rhinoceros, tiger, hyena, lion, elephant, and llama. 
An anticlinal, with an axis parallel to the peninsula, runs through central and 
northern Florida. True coral rock is found continuously in the south and in many 
districts further north. Under this are dense beds of limestone, consisting of shells 
of marine organisms. Cf. reef-limestones of Cuba. The soil is divided into — (1) 
hummocks; (2) ‘pine ’ or sand lands. Hummock land is low-lying clayey soil, in 
which much potash and phosphorus (from decaying vegetation) are found. The 
sand lands contain 60 per cent, soluble matter — are a mixture of sand and clay — 
of very various mineral character, but uniformly light to work. 

Vegetation. — Florida may be divided into tliree zones according to vegetation. 
(1) The northern or continental portion. (2) The central or semi-tropical portion, 
whose southern limit extends from the Caloosahatchee onW.coast(26°36'N.L.) to 
the Indian River inlet (27°30'N.L.). Iso-floral lines may he drawn from W. to E. 
across the peninsula in a direction varying from N.E. to N.N.E. The three divi- 
sions might be called southern, semi-tropical, and sub-tropical. Of the 200 species 
of forest trees about 38 per cent, are tropical, and similar to those of West Indies. 
Many of these trees grow luxuriantly on the Keys and extreme south, but dwindle 
and become mere bushes at the northern limit of the belt — 26° 36' N.L. to 27° 30' 
N.L. from W. to E. The following fruits are cultivated with great success : — ( 1 ) 
in north : pear, peach, grape, and orange (risky) ; (2) in central or semi-tropical 
belt: orange, lemon, lime, pine-apple, persimmon ; (3) in sub-tropical belt : lime, 
pine-apple, banana, cocoanut. A large number of tropical fruits are being tried. 
Sugar and rice are grown extensively in lowlands north of Okeechobee. 

Industries. — Fruit growing, vegetable raising, and lumbering are main indus- 
tn s. Recently extensive phosphate beds have been discovered in river valleys, 
and groat outputs been registered. Kaolin of superior quality has been discovered 
S. of Lake Harris and elsewhere. Cotton and tobacco are largely grown in N. 
Oyster and sponge fisheries employ thousands of hands. The ranches of Lee 
County are famous for their large herds, and infamous for quality of same. 

Infmbitants . — The aboriginals were Miccosukies. These have disappeared, the 
1891 . 3 A 
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remnant mingling with the SeminoleSjwho were originally Creeks, but in seceding 
from that tribe under leadership of Secoffee (1760 a.d.) were styled Seminoles — 
runaways, vagabonds. Not more than 300 Seminoles now in Florida— chiefly in 
Everglades. Negroes, old Southerners, northern immigrants, and foreigners 
(chiefly English) make up, in this order of proportion, the population, which in 
1880 was 260,000, and is now estimated at nearly 500,000. 


4. The Volta Itiver, By G. Dobson. 


6. The BaJchtiari Country and the Karun River} By Mrs. Bishop. 


6. Physical Aspects of the Himalayas, and Notes on the Inhabitants} 
By Colonel Henry Tanner. 


7. On the proposed Formation of a Topographical Society in Cardiff. 

By E. G. Kavenstein, F.B.O.S. 

* See Proceedings of the Royal (ieographical Society, p. 033, October 1891. 

* Published in full in the Scottish Geographical Magazine, p. 581, November 1891. 





Section F.— ECONOMIC SCIENCE AND STATISTICS. 
President of the Section — Professor W. Cunningham, D.B., D.Sc., F.S.S. 


THURSDAY, AUGUST 20. 

The President delivered the following Address : — 

Nationalism and Cosmopolitanism In ^Economics. 

The year which has elapsed since this Association met at Leeds has afforded 
ample evidence of the vitality of economic studies in England at the present time. 
It is no small proof of a widely diffused desire to pursue such investigations 
seriously that a second edition of such a substantial volume as our late President’s 
^ l*rinciples of Economics ’ sliould have been called for within a few months of the 
issue of the first. While, too, economics alone among sciences has been hitherto 
unrejiresented by any journal or review published in England, the year which has 
passed has seen first one and then another quarterly periodical started with the 
avowed object of catering for the wants of economic students. The larger of these 
magazines has come into being as tlui organ of an A.ssociation which is designed to 
■do other work for our science besides that which it has already undertaken. 

Doth of these new ventures deserve a hearty \veloome from this Section, 
thougli in different ways, for tli(‘y have emanated from different sources. The 
* Review ’ bears on the forefront that it hails from Oxford; while the ‘Journal’ 
and its destinie.s have been often talked over at Cambridge, and it seems to me, at 
least, to be full of the Oauibridge spirit. The old contrast between these two 
Universities comes out strongly and distinctly. The intense interest which Oxford 
has always shown in the study of man and of conduct has put her in practical 
touch with many sides of actual life, and has caused lu'r to be the mother of not 
a few great moveiiumts. Rut in Cambridge wo are so engrossed in the study of 
things that we have no time to spare for trying to know ourselves. If we ever 
do give our thoughts to man, we like to think of him as if he were a kind of 
thing ; so that \ve may apply the same methods which we are wont to use in the 
study of physical phenomena. IfAve.turn our attention to history, we try to 
•classify the various forms of constitution that have existed on tlie globe, and then 
we call the result Political Science. We may devote ourselves to Ancient or 
aNfodern Literature, but thev seem to intere.st us not as vehicles of thought or as 
forms of art, hut as tlie bases of Philological or Phonological Science. If we 
investigate human industry, we like to treat the individual as if he were a mere 
mechanism, and busy oiirselves in measuring the force of the motives that may be 
brought to hear upon him. It is when we deal with physical tilings that we can 
be precise ; this we are determined to be at all hazards ; and of course we may 
always attain to precision in our .statements on humau affairs so long as we are ' 
content to bo super licial, and are not at pains to penetrate to the very heart of the 
matter. But indeed there are dangers on either hand, whetlu^r we give ourselves’ 
as best we may to the study of Man, and deal with Economics in its more human 
aspects; or whether we are chielly interested in the study of things, and try to 
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make the fullest use we can of the methods and conceptions of physical science for 
investigating certain aspects of human affairs. In the new periodicals there is an 
excellent corrective against either evil, since the Oxford ‘ Review ’ is largely 
written by Cambridge men, and the 'Journal,’ which exemplifies the Cambridge 
spirit, is edited by an Oxford Professor. 

It might almost seem that with all this new activity there is not so much 
occasion as there use d to he for these annual reunions in Section F. But indeed 
it is not so. There is much needful work, which will hardly be done at all unless 
it is done here. There are certainly two ways in which this Section offers great 
opportunities for promoting economic science, and opportunities which are not 
available elsewhere in England. Some points may be rendered clearer by debate, 
and this Section affords Jin open field for such discussions. It is frequently useful 
to throw out some hypothesis as a tentative explanation of some group of facts ; 
and the conversations which take place here may help to confirm or to correct a 
suggestion thus hazarded. A similar result might be obtained by rejoinders in 
the magazines, but there is, at least, a saving of time when opponents can meet 
face to face and thresh out their differences by means of talk. 

It may easily occur, too, that interesting problems are raised and stated rather 
than solved by the papers read before this Section ; and the power we have of 
selecting special committees, to work throughout the year at some particular point 
in order to report to this Section at a subsequent meeting, is an instrument for 
advancing knowledge which we cannot hut value highly. 

These advantages might, I conceive, be found in connection wdtii any of the 
sciences which are represented in the different sections of this Association. But 
there are reasons in the very nature of our science which render it .specially 
advantageous for economists to take part in such agatluTing as this. Oiir science, 
as treated by Mill, and I name him because, \vhatever our differences may be, I 
feel sure we should all regard ourselves as his disciples, rests on certain nssnmp-- 
tions, and takes for granted results which it does not profess to ha^e investigated 
independently. Many of its premises are derived from some branch of physical 
science. As Mill has taught us, Political Economy assumes the facts of the 
physical world. ^ But that is a large order; and the economist may often be 
doubtful wdiat he is at liberty to assume as a physical fact. A meeting of the 
British Association, when' many specialists are brought together, may surely he 
turned to good account in connection with this difficulty. In previou.s years we 
have learnt from one of the Sections what w'e may assume about the future pro- 
duction of gold ; while we have heard from another what we may take for 
granted about the phy.sical possibilities of procuring additional subsistence. We 
hope to leain from other specialbts this year on the one hand about tlie prospects 
of our coal sunply and on the other in regard to the physical effects of prolonged 
hours of work. It is no small advantage to have the annual opportunity of 
finding more definitely what physical facts we may assume as the bases for 
economic argument. 

Once more — and hero we come to the feature which distinguishes our science 
from the work of .so many of the other Sections — Political Economy, as Mill has 
taught us, also assumes the facts of human nature ; but humau nature and human 
in8titiition.s vary from age to age, and among different races and in different regions. 
It has sometimes been a complaint against economic science that it assumes a 
certain type of liinnan being as though it were universal, and that it also takes for 
granted the excellent hut insular in.stitutions under which we live; on this point I 
shall have more to say presently. But holding, ns I do, that some such assumption 
may often be a convenient instrument for scientific investigation, I would yet urge 
that there can be few better correctives to possible exaggeration and one-sided ness 
(from the undue extension of our hypothese.s) than that of meeting men who are 
habituated to different temperaments and different institutions from our own, e.^. 
lo the habits and institutions of our fellow-subjects in India. This Aasociation has 
proved to be a convenient centre, which attracts economists from other lands. It 
is witli genuine pleasure that I welcome, in your name, the visitors from other 

* J. 8. Mill, Principle of Poliiiml Economy , p. 1.3. 
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^countries who have honoured us by joining our gathering to-day. By our inter- 
< 50 urse with them we may surely help to correct insular prejudices, which are 
hastily formed and are not unlikely to affect our assumptions about human nature. 

It hp been from time to time the task of Presidents of this Section to deal, in 
an opening Address, with some fresh economic problem that had forced itself upon 
public attention in the immediately preceding year. I must crave your indulgence 
if I make no such attempt to-day. For the last thirteen years I have given such 
time as I could spare from clerical duty and the routine of teaching to the study of 
English industry and commerce in the past, and I have made no pretence of keeping 
myself fully informed about the burning questions of the present day. To me the 
burning controversies of two or three centuries ago are much more fascinating, 
because we generally know ^ how they ended, and we can hope to decide with some 
approximation to truth wlio was in the right and who was in the wrong, or how 
far botli were in the wrong. But after all English history is continuous, and the 
economic life of to-day is the outcome of the economic life of the past. I do not 
think it will be wholly idle if I try to set before yon, however broadly and super- 
ficially, some thoughts about economic affairs to-day, as they appear to one who 
has s])ent many hours in trying to habituate himself to the various phases of 
economic life and opinion in England during stages of her development which have 
passed away for ever. 


I. 

During the century which succeeded the Crusades there seems to have been a 
very rapid development of English industry and commerce ; and if we tried for a 
little to place ourselves in thought in that period, we should find ourselves in a 
world that was strangely like and yet strangely unlike our own. The dialect 
would be unfomiliar, if not unintelligible ; though we might recognise the w(*ll- 
known churches at Westminster, and Salisbuiy, and Durham, the aspect of the 
landscape with the open fields would be monotonous, the houses would appear mean 
and poor, and most of tlie towns would seem to be big and sleepy villages. While 
these were the external characteristics, the habits of thought would strike us as 
equally strange, since each village, and each town, was so curiously isolated from its 
neighbours. The ideal of good management in every village, controlled as it prac- 
tically was by a manorial baililf, was that it should be self-sullicing and supply its 
own wants from its own resources, that it should only buy from the outside world 
what it could not produce for itself and could not do without, and should only sell 
to the outside world what it had to spare as a surplus. In the towns which were 
becoming centres of trade there was more enterprise, but it was carefully controlled 
and organised so ns to minister to the good of the particular town. No business 
man had a wider vi(‘w; his town was the economic unit, and afforded the means 
by which he was able to enjoy unimpeded intercourse with the inhabitants of other 
towns. The prosperity of the town wjis the economic ideal, and the rivalry of two 
towns in the same county, like Tiincolii and Boston,* was as keen as the jealousy 
between French and English fishermen to-day. There appears to Lave been some 
collective buying of foreign wares for the common advantage of the townsmen,® 
but all industry and commerce were organised and regulated under municipal 
authority with the view of making them subservient to the advantage of the town 
where they were carried on. The manner in which the townsmen contributed to royal 
taxation rendered them not unnaturally jealous of anyone who tried to evade his 
fair share of public burdens by taking advantage of the facilities which their town 
offered for carrying on his trade without helping to discharge the public obliga- 
tions, The fact remains that in the thirteenth century commerce was intensely 
municipal, that the legal forms which wore in vogue for recovering debts took this 

‘ Some few, like the Newfoundland fisheries dispute, never come to an end. It 
was decided in 1697, and settled in 1713 and 1763 ; it was finally laid to rest in 1783, 
but it seems as lively as ever. 

* P. Thompson, llifdory of Boston^ 54. 

* Quarterly Joiirtial of Jb'couomicif, V., 343. 
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municipal type, while writers on political and economic matters ‘ seemed to assume 
that the city was the sort of group to be regulated and taken into account. 

In Tudor times this local and municipal economy was rapidly superseded by a 
larger system. There had been a decided growth of national feeling and a great 
deal of national regulation for commerce during the fourteenth and fifteenth 
centuries, and as this larger economic life developed the old municipal institutions 
were to some extent superseded. In some cases the old institutions had come to 
be cramping and positively noxious, so that industry sought other centres and 
commerce betook itself to new channels. The precise story of the growth of this 
national economic life in hlnglaud and the coiTesponding decadence of the old muni- 
cipal institutions for industry and commerce is not easy to trace. It may suffice to 
say that in the time of Elizabeth the change was practically complete ; and the sub- 
sequent development of economic life can be most easily followed when we look at 
it from a national rather than a municipal standpoint. From that time onwards 
there was, comparatively speaking, free intercourse between the difterent parts of 
the country ; each district, iii.stead of being an isolated unit organised for itself, as^ 
it had been in the time of the first Edward, was treated as contributing its quota 
to the material welfare of the nation ; the prosperity of England as a whole, and 
the consequent strength of England as a political power, were the ideals which 
economists kept consciously in view, and wliich gave the framework for all their 
projects and all thtMr writing on economic topics. 

Here, then, from the time of Elizabeth ouward.s, we have to deal with a larger 
economic organism — the Nation, not merely the town — but we still find people 
pursuing the old economic policy, though they applied it on a much more extended 
scale than before. Their leading economic idea was to render the nation self- 
sufficing ; to develop its resources, to procure from other countries what England 
needed and could not produce for herself, and to sell them the surplus of our native 
commodities. If we were able to open a new market for English exports, we 
congratulated ourselves that we bad got a vent for our surplus. If we introduced 
a new industry, like the silk trade, we rejoiced that we could now hope to supply 
ourselves with this article instead of purchasing it from the foreigner. If we 
planted a colony in some distant region, the trouble and expense was gladly under- 
taken in the hope that the productvS of tlie new land wmild render us independent 
of some supplies from foreign sources, and thus subserve tlie economic self-sufticieiicy 
of the English nation : the encouragement given to tobacco-growing in Virginia, 
80 as to enable us to dispen.se with supplies Tvhicli reached us from Spain, is a case in 
point. Just as there had been a keen rivalry in the thirteenth century between 
neighbouring towns, so in the seventeenth and eighteenth centuries there was the 
keenest rivalry between different nations ; a rivalry whicli was fundamentally 
political, but which affected every side of economic life, since it was recognised 
that wealth supplied the sinews of power. The whole economic skill of the day 
was devoted to the task of building up the wealth of the nation as an independent 
economic organism, that it might be able to bold its own in political disputes with 
other countries. 

II. 

The national scheme of economic policy is not so unfamiliar to us as the 
municipal scheme which it superseded ; it is still pursued in many countries, and 
it seems to me to dominate the present economic policy of the United States. 
That great nation aims at being fficing, and at dispensing so far as possible 

with the products and manufactures of other land.s. This nationalist policy has 
found an advocate in Idst, who has stated the case wdth wide practical knowledge 
and careful discrimination of the circumstanceK of different peoples. But mr 
England and Englishmen that policy is dead. The Anti-Corn Law agitation killed 
it so far as we are concerned. We no longer contemplate isolation from the rest 
of the globe *, we only grumble because other people iuteiqiose harriers which check 
free commercial intercourse between all parts of the known world. The free- 
traders have demon.strated that the world as a whole will be better provided with 

' For example compare Ji. Thomas Aquinas, De liegimine Princijinm. 
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material goods if each nation specialises in those kinds of production for which 
it is particularly adapted, and caters for the rest of the world in ■ these- depart- 
ments. We have given up all idea that the nation should be self-sufficing; we 
depend, even for the most necessary articles of subsistence, on communication with 
other countries ; we produce with direct reference to the requirements of foreign 
markets, and do not merely export a surplus which we cannot advantageously use 
ourselves. So far as our economic scheme is concerned, we regard England as 
part of a greater whole — not as an independent national organism, but as one 
portion of a cosmopolitan economic organism ; we desire to have the freest com- 
munication with all parts of the world, for on this our very life, our national pro- 
sperity in all its branches, depends. 

It seems to me, then, that just as there was a struggle in England between the 
municipal scheme of economic life and the national one in the fourteenth and 
fifteenth centuries, so there is in the present day a contest all the world over 
between the nationalist economic policy on the one hand, and the international 
and cosmopolitan scheme which we Englishmen have adopted for economic pur- 
poses on the other. I have argued elsewhere ‘ that our commercial success has 
been greatly due to the early date at which a national economic life was 
developed in this country ; and I cannot regard it as a matter for regret that 
we have been the first among the nations to throw ourselves heartily into the 
cosmopolitan economic scheme. 

It is a commonplace to say that we live in a period of transition ; of course 
every period is in a sense a time of transition, for the world never does stand 
absolutely still, but the change that is going on in the economic life of the world 
to-day is something more than common ; the framework on which English policy 
was fashioned for three hundred years has been laid aside, and all our schemes for 
industry and commerce are being devised on a new model and worked out on a 
larger scale. This nt‘w model and larger growth are alibctiug all parts of the 
globe, and oven those countries which would fain pursue the old nationalist 
economic scheme cannot escape the new influence ; international and cosmopolitan 
economic forces are gradually breaking down national exclusiveness in all parts of 
the known w'orld. 

(n) A v(‘ry few words will illustrate what I mean. There is in this country a 
very large formation of capital every year. Mr. Wilson ^ traced it for the earlier years 
of this centurv, and Mr. Giflen has calculated it for more recent periods. The 
capital thus formed seeks investment, and it is ready to flow into any channel 
wh(‘re there seems a reasonable chance of profit. It is not confined by national 
barriers, hut is transferred to any country, however distant or however uncivilised, 
so long as arrangements are made that give a pro.spect of regular or of handsome 
profits. The resources of distant colonie.s, of South American Republics, and of 
Egypt, have been developed by capital borrowed in England. There are, therefore, 
moneyed men in tlii.s country who have a stake, and are directly interested, in the 
prosperity of many lands they have never seen. Space is ignored, patriotism is 
left out of sight, and capital is invested wherever there is an aiiparent promise of 
profit. 

(6) Capital tends too to minimise the dilTerences between nations, since wher^ 
ever it goes it tends to modify the forms of industrial life. Capital introduces 
new methods of production, for it brings machinery and thus induces the labourer 
to spend his whole time in worhiiig for wages. There are still many lands where 
the old system which was general in this country at the close of last century 
holds good ; and where the artisan supports himself partly by labour on his land 
and partly by his trade. Rut industrial capital, and expensive machinery, and 
factory towns are not compatible with such conditions of life. As they are in- 
troduced the old domestic system and the family life maintained by bye-occupations 
are gradually broken up ; the artisan becomes wholly dependent on the wages he 
earns and has no other source of income ; thus social life tends to shape itself in a 
new form. As capital becomes a dominant force in industry, the artisan is induced 

’ Grnrvth of Knglish Indvstry and Commerce^ 244, 413, 

* Cajnial^ Currenoy^ a/nd Banking. Preface. 
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wlioUy to relinquish agricultural pursuits, and society is separated into the two 
great classes of capit^ists who employ and labourers who earn wages. There 
thus comes to be a class sympathy between wage-earners in many lands, such as 
has never existed before in the history of the world ; their difficulties are similar, 
their voting power is great, and their aspirations are alike ; with many of them 
the interest of their own class in other lands calls forth more real sympathy than 
the love of a country which is theirs in common with the classes who employ them. 
The similarity of the conditions of employment in Western Europe was recognised 
by the Emperor of Germany when he invited the representatives of various powers 
to join in conference on the Labour problems. In the world of Labour, as in the 
investment of capital, national differences and peculiarities are ceasing to be of 
much importance. 

(c) The most striking illustration of the decadence of nationalist economic 
fientiraent is to he found in contrasting the attitude which is now taken by the 
mother country towards the colonies with that which was constantly assumed 
during the eighteenth century. The right of the Crown to tax the colonies was 
frequently questioned or resisted, hut the right to regulate the development of the 
colony in the interest of the mother countiy may be said to have passed unchal- 
lenged till the very eve of the War of Independence. In the present day, however, 
we are inclined to blame a government which does not administer its colonial 
affairs solely in the interest of tlio colony itself and its inhabitants, without at- 
tempting to render it economically subservient to the mother country any farther 
than purely colonial considerations seem to demand. Our colonies give us prestige 
and importance in all parts of the globe, they form a ring of settleiuents that are 
English in language and habits and customs, but they are not directly subservient 
to our national economic int(‘rests,for they may encourage the commerce of foreign 
countries and they may come to he our rivals in neutral markets. 

{d) Nor is this all ; the international movements of labour are far more frequent 
and rapid than they used to be. Till 1826, English artisans were positively for- 
bidden to emigrate, either to our own colonies or to foreign parts ; it was doubtful 
if engineers were at liberty to go abroad temporarily to sc't up machinery they had 
made. But the legal prohibition lias been withdrawn, and the new facilities for 
travel have entirely altered the habits of the labouring classes. There is, of course, 
some little hesitation from diflerences of law and of language in foreign parts ; hut 
the Tvancashire man who gets a good offer to go out as a loremnn and organise a 
spinning mill in Bombay is not likely to overestimate the iinportaiuie of these 
things. lie has got a good opening and he will take his chance about his power 
of making his orders understood. 

(c) One consideration which helps to reconcile an Englishman to such a life 
abroad is the frequency of intercommunication, together with f)ie excellence of the 
postal service all over the world. The very fact that there is such international 
organisation is in itself a noticeable sign of the tendency of whicli I am speaking. 
Postal communication ])etween dillerent parts of the world is far cheaper and 
easier than it was between diffenmt parts of this country sixty years ago. National 
harriers offer no practical resistance to the passage of news or the driving of 
bargains ; mail steamers and telegraphs have combined to produce many changes 
in the habits of business men in the present day. 

(/) One more illustration will suffice. For many articles there is now a world- 
wide market, and it is possible h) speculate wdtli the view of ewgi’ossing the whole 
available stock in the world, at any rate so as to he able to rule the market. 
Comers in cotton may he looked for from time to time. Great trusts like the 
Standard Oil Company monopolise an article of common consumption, and a 
Copper Syndicate has run its course. The questions whether such speculations 
are likely to be profitable or not, and whether they are public dangers, do not 
concern us now ; I merely wish to point out that in actual commerce in the 
present day we find what may he termed cosmopolitan speculation, which disregards 
all national differences and takes account of the world as a whole. 

These symptoms that economic life in the present day is breaking down national 
barrierB and /orming international connections of every kind are very interesting. 
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I know that they are not the only features of our time; there is a revival of 
national sentiment in many quarters, and national aspirations, if they are more 
than the idlest sentimentality, involve a desire to create economic life that is 
national too; in many lands there are increasing attempts to protect native in- 
dustry. The Nationalists of 1784 were enthusiasts for stimulating native industry 
in Ireland, and for prohibiting the importation of British goods : and the prospects 
of protection do not seem to daunt the advocates of Home Rule to-day. Nationalism 
cannot but be a living power in an age which has seen the union of Italy and the 
formation of the German Empire. I do not ignore these facts though I lay stress 
on another side, and say that, so far as industrial life is concerned, it is, on the 
whole, becoming more and more cosmopolitan and international, and less and 
less fettered by national harriers all over the world. We in England have for 
good or for evil committed ourselves to the cosmopolitan scheme, and have definitely 
and deliberately discarded the nationalist system. 

III. 

1. This striking change in economic life and commercial practice must, one 
would suppose, he reflected sooner or later in economic doctrine. Of course it 
cannot be felt all at once ; economists, like other men of science, can only observe 
what has actually occurred and reflect upon it. The science grows as new forms 
of industrial and commercial life appear, and demand that they shall be taken into 
account. But we can at least see the manner in which modification must come 
into the science as conceived by Mill; in accordance with these new phenomena we 
shall have to entertain additional hypotheses about human nature and human 
institutions. The wliole science is, as everyone now seems to agree, hypothetical.* 
The method which Ricardo pursued and Mill formulated has been generally adopted 
by English economists, and they are ready to admit that all their results rest on 
certain assumptions in regard to the physical world and human nature. But while 
the facts of physical nature may on the whole be regarded as constant for the period 
of human life on the globe, the historian knows that it is not so with the facts of 
human nature ; human institutions, and the characters which are formed by them 
are m(^dified from age to age ; if we wish to study the economic condition of any 
actual people at any time, we must work with conceptions that are appropriate to 
their habits of life. To Mill it seemed sufficient to assume a single type of 
human nature — one in which self-interest predominated; and one kind of society — 
where free competition was usual ; all other economic phenomena he dismissed as 
unsusceptible of scientific treatment. But we do not alter the logical form or 
change the scientific character of our .study if, instead of framing a single, hypothesis 
in regard to human nature and society, and restricting our attention to such 
phenomena as can be conveniently studied in connection wdth it, we are pre- 
pared to investigate all economic phenomena by making such assumptions in 
regard to men as are appropriate to the various ages with which we may have to 
deal. Professor Edgeworth has rightly pointed out that economists often blunder 
in treating something as constant that is really variable,^ and I should like to add 
that the most common illustration of this error may he found in arguments which 
seem to assume that, human nature is a constant,^ and that the variations, even in 
long periods, may be neglected. Such is the discussion of the applicability of 
Ricardo’s law, with all it involves,** to rents, several centuries ago ; hut perhaps 
this is meant as a sort of scientific witticism ; it is not always easy to tell when 
a Professor of the dismal science is making a joke. 

Pardon me if I dwell on this point with some iteration ; in all economic study 
hypothesis is necessary ; it is only by stating some hypothesis that we can artificially 
isolate a group of facts, and thus give a clear explanation of a portion of the com- 

* Keynes, Scope, 209, 293. * Mathematical Psychics, p. 127, note. 

* Marshall, Present Position, 16. 

* See my article, ‘ What did our Forefathers mean by Rent ? ’ Zippincott's Mayazine, 
Feb. 1890. 
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phenomena which go to make up human society ; only by carefully stating 
. hypotheses can we avoid the dogmatism with which economists are so often 
aarged ; since by putting forward the condition we assume, we are also stating 
the limits within which our conclusions hold good. In reasoning from assumed 
premisses we may obtain conclusions that have demonstrative certainty and state 
laws which have universal validity ^ in any sphere we can think about, even if 
there is no place or time where the conditions on which they depend are realised, 
so that these laws have nothing corresponding to them in any actual existence. 
Our results may have no material truth, even though they have universal validity. 
The pursuit of such speculations may be most valuable as a mental discipline, if for 
no other reason because they may assist us to see how many matters must be taken 
into consideration if we wish to make our investigations of actual phenomena 
exhaustive. But if we are careful that our hypotheses about human nature shall 
not he arbitrary, hut shall have as much appropriateness as possible to actual men 
and women in some actual place at some actual time, we get conclusions that are 
not only universally valid in form, but that also serve to be a convenient instru- 
ment for investigating facts. We may assume that people are grouped in nations, 
and that each individual acts out of pure self-interest; or we may assume that 
people are grouped in families, and always act from a sense of duty in adhering to 
known customs , in either case we can state laws that have universal validity 
on the assumed conditions ; but for purposes of empirical investigation, one 
hypothesis is more convenient for studying the actual facts in Western Europe, 
,and the other is more convenient for studying the actual facts on the Russian 
Steppes ; they are not equally appropriate to both groups of economic phenomena. 

As l)r. Whewell pointed out m excellent terms, the progress of empirical 
science demands the employment of appropriate conceptions ; but an illustration 
may enforce tins necessity in regard to economic investigation. Some little time 
ago I was anxious to get a few statistics about the growth of British shipping 
during last century, and I turned to the beautiful ‘ Statistical Atlas ’ which was 
published bv William Playfair, who first applied the graphic method to statistics. 
But I found that his careful diagrams were useless for my purpose, and 1 think I 
may add for any possible purpose, lie has arranged all his facts with the view of 
showing in the clearest manner how the balance of trade stood between Great 
Britain and each of the other countries with which we had commercial dealings, 
and he thus demonstrated whether any branch was a losing or a gaining trade. 
At the time when he wrote the unwisdom of this way of looking at things had 
been clearly expo.sed, but he had failed to move with the times, and the work on 
which he spent so much labour was simply thrown away. He only serves as 
a warning to other economists, lest by adhering rigidly to habits of thought which 
have ceased to be appropriate to the changing conditions of industry and commerce 
their investigations and reflections should be out of touch with actual life, and 
should all too soon find their place in the limbo of misapplied erudition. 

(a) To my mind the co.smopolitan and international character of industry and 
commerce has not yet been eufliciently taken into account by economists. Thev 
inherit the conception of mankind as grouped for economic purposes in nations, and 
they adhere to it very closely. Adam Smith did much to break the old spell and 
to show that it was not worth while to try and build up an independent national 
economic life, hut he was still under the thraldom of the old phrases. He still 
spoke of the Wealth of Nations, and treated the nation as the economic unit. 
List^ does indeed speak of Adam Smith as concerned with a world-wide economy, 
hut this is hardly correct ; he describes, not a cosmopolitan system, but economic 
principles that would serve for any nation — they are nationalist still. Cohden and 
the Free Traders took the same standpoint ; they thought of the nation as an 
economic wliole ; they hoped that unirrpeded intercourse would bring about more 
friendly feeling between nations ; they anticipated a great brotherhood in which 
each nation should be a [member ; but Cobden was intensely nationalist and in- 

’ Marshall, Present Position, 16. 

* Philosophy of Inductive Sciences, II., 184 

* Notional System of Political Kco^v'my, 120. 



TRANSACTIONS OF SECTION F. 


731 


tensely patriotic.^ The intercourse has come about, but it has not drawn nationa 
more closely together as nations; it has drawn the elements which composed 
separate nations into new relationships so as to form cosmopolitan ties and inter- 
ests, and to break down national barriers and weaken national sentiments. Neither 
the political economy of Adam Smith nor the political economy of Richard Oob- 
den took much account of the cosmopolitan character of economic life ; it has 
sprung up since tlieir time, but I think that we ought to take account of it, and to 
make sure that the fundamental conceptions of our science are appropriate to the 
industrial and commercial phenomena of the present day. AVe need to think 
more of the world as a whole ; for the practical economic interests of the present 
are no longer so exclusively national as they used to be. The nation will doubtless 
continue to have great importance for many economic purposes, just as under the 
nationalist r<$gime municipalities have been useful organisations, which have at 
pre.sent an increasing importance. Hut the reality of the change is most obvious 
when we remember the diminished importance of national prosperity with reference 
to the sources of taxation. In days when national prosperity was the recognised 
basis of national power, Parliament desired to increase the ‘funds’ from which it could 
draw for the expenses of the realm. For this purpose the limits of the nation have 
ceased to be of exclusive importance. Capital flows into all lands, and the income 
returns to London, and the Income Tax Commissioners collect their quota with 
remorseless impartiality. English capital invested in the United States pays in- 
come tax in just the .same way as capital invested here; the maintenance of the 
national revenue is, to some extent, dissociated from the development of our own 
national resources or the material prosperity of our own realm ; this is a curious 
phenomenon of modern life which was first clearly brought out, as I believe, by 
Sir Charles Wood in his Budget speech * of 1847. The decrea.sing importance of 
national prosperity for political purposes presents an analogy with the decline of 
municipal economy. In old days the townsmen had been bound together by their 
obligations to contribute to the royal exchequer ; it was this that united the 
municipalities into a single body for economic purposes; their decline coincided 
with the development of a national system of taxation, wliich in turn called forth 
a system of fostering the national sources of wealth. There was a great advance 
in economic doctrine in the fourteenth century when it was losing its old form 
and men began to deal with national and not merely with civic interest.^, and it 
seems to mo that we might do well to let national wealth take a subordinate place 
in our economic discussions, and to frame our inquiries with direct reference to the 
bearing of economic changes on the world as a whole. 

(^) At all events the assumption in regard to individual human nature, which 
is explicitly or implicitly made in current economic treatisi^s, requires to be recon- 
sidered. The isolated individual, wdio acts out of self-interest, still holds a promi- 
nent place in economics, implicitly at least ; for -we still hear about the measurement 
of motives which act on the individual will as if they were the sole object of 
scientific economic .study, not merely a single though an important factor. Motives 
which aflect the collective will of an association act in a diflerent plane and can- 
not be easily co-ordinated with the others ; the individual .self-interest of the work- 
man and the collective interest of the trade-union to which he belongs often 
conflict, and most economists have found it convenient to leave these associated 
and corporate movements in the background and to justify themselves for concen- 
trating attention on individualist motives by the assertion that ‘ now, as ever, the 
main body of movement depends on the deep, silent, strong stream of the tendencies 
of normal distribution and exchange.’ It is, of course, the simplest assumption 
to make, and for short periods in recent times it may be sufliciently satisfactory ; 
but there is a danger of falling into grave error if we rely on this assumption 
for simplicity’s sake and take individual earnings to gauge the labourer’s standard 
of comfort in diflerent centuries of English hi.story.^ It is not difficult to general- 
ise from the past so as to make it appear that this mode of treatment, by isolating 
the individual, is less inappropriate now than it has been in some earlier ages ; 

' Political Writings, p. 144. * Hansard, xc., 318, 320. 
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that may be granted at once ; individualism, like nationalism, will doubtless be an 
important economic category for many purposjes, but who shall say that it is even 
as widely appropriate in England now as it was sixty years ago, when the tide of 
legislation was dominated by laissezfaire and the Combination Laws were repealed P 
Is it so dominant in these days of capitalist trusts and labour leagues as to be 
the most appropriate conception with which to study all economic phenomena in 
our own country in the present day ? 

One disadvantage about this mode of treatment is that we really know so little 
about the isolated individual and his manner of dealing with other isolated in- 
dividuals ; the mere statement brings out the difficulty. Our assumptions regarding 
such human nature could only he a satisfactory basis for argument if they tallied 
with observations made in a large number of instances, so as to form the basis for 
a valid induction like Ihe great argument of MaltLiis in his Essay. As Mr. 
Keynes has admirably pointed out, the value of- the deductive method as a means 
of studying actual economic phenomena depends on the inductive determination of 
premisses.* But in regard to the unfettered action of individuals tliere can be no 
such induction, for there are no cases to observe. If we wish to state abstract 
principles of individual human action, we are forced to fall back on another method ; 
to take a type of human nature and analyse it ; and it is on this line that econo- 
mists proceed in framing their fundamental assumption about individual liuman 
nature. Bentliam many years ago attempted to analyse tlie motives which may 
be brought to bear upon a man and reduced them all to quantities of ph'asure and 
pain. Thirty years have elapsed since Mill demonstrated the insufficiency of this 
analysis and showed that we must take qualitative as well as quantitative 
ditierences into account ; ^ and in economics it is specially necessary to attend to 
qualitative distinctions. It is far less important to measure the force of self-interest 
than to distinguish the cases where self-interest coincides with family welfare and 
national prosperity^ and those where it does not. Here, if anywhere, it is essential 
that we should keep abreast of the times, and recognise the importance of qualita- 
tive as well as quantitative distinctions in discussing the motives which inlluence 
men in their material concerns. But some recent economists seem satisfied that a 
defective analysis is good enough for them; the crude method which Bentham 
suggested has been adopted by Jevons;* the quantitative analysis of individual 
motives is spoken of as if it were the principal work of an economist ; writers still 
discuss quanta of pleasure and pain, ot utility and disutility ; and the individual, as 
Bentham analysed him, is .still a fundamental conception in current economic 
treatises. ‘ Put a penny in the slot and the model will work.’ Society is too 
frequently regarded as an aggregate of similar individuals, wliose actions can all be 
repre.sented with sufficient accuracy by the Benthamit(^ analysis of motives. Such 
a conception of society is surely out of date to-day. 

Very fruitful results have certainly been obtained by^ those economists who 
have not busied therasHhes about measuring supposititious motives, and who do 
not assume that man is an isolated self-intere^'ted individual. Frederic Le Play 
regards the family as the most convimieiit unit for economic observations, both in 
the advanced and the primitive societies; he has distinguished the different types 
of family, and their social importance, with rare acuteness ; and he has set forth 
with admirable judgment their respective characters as elements in society. 
Though too little known in England, his work does not stand alone ; for Mr. 
Charles Booth’s monumental investigation into the condition of the dwellers in 
East London is ba.‘<ed on a number of investigation.s in regard to the circumstances 
of families. In the family there is a natural social and economic unit which was 
of much actual importance before English municipalities arose, and before English 
national life asserted itself in economic affairs. The family is a natural unit 
which is destined to survive even if our national industry and commerce are more 
And more merged in cosmopolitan and international progress. 

2. When I thus criticise the fundamental conceptions and assumptions of 
current economic science, os very imperfectly appropriate to the actual conditions 
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of industry and commerce to-day, I fear I may be charged with misrepresenting 
the work of recent economists. To this charge I am ready to plead guilty at once ; 
I think it very likely I have misrepresented them, and 1 am extremely sorry for it, 
for I have not done it carelessly or deliberately — I have sedulously endeavoured to 
avoid it. The fault lies not with me, but with writers who, when they leave their 
studies and translate their formulae into the language of common life, forget that 
they have to do with stupid people ; they claim a liberty to alter their definitions 
from time to time as the exigencies of their argument shall require, and they do 
not take sufficient pains to state clearly and fully what their assumptions are. 
Despite my best endeavours I may not always succeed in following them and 
reconciling tlieir apparent inconsistencies. Ricardo, as Professor Marshall excel- 
lently says/ made the great error of taking for granted that his readers would supply 
those conditions that were present to his own mind.’ ^He changes from one 
hypothesis to another without giving notice.’ And this brings me to the second 
point oil which an historian may he inclined to insist : that dnce human nature and 
institutions change so much^ it is most importayit that our hypotheses regarding 
them shoidd he stated f idly and clearly. Unless we do so we are not able to keep 
quite clearly before us tlie limits within which our arguments are applicable to- 
actual life ; but when our hypotheses are clearly stated, we can see directly how 
far our reasoning is irrelevant to some past condition of society, or how far it would 
become inapplicable if human nature were to change for the better. Just because 
economic reasoning is hypothetical and the results are universal in form, hasty 
readers are apt to forget the comparatively narrow area and short time of actual 
life to which any single hypothesis is really appropriate, and the limits within 
which economic generalisations are approximately true ; there is a constant 
tendency to the undue extension of principles that havii universal validity, as if 
they had therefore a wid(' range of applicability. By clearly stating our hypotheses, 
we mny secure all the advantages which accrue from modern economic science and 
push the refinements of theory much farther, while we shall keep well before us the 
hypothetical character and limited a])plicability of our conclusions, so that we- 
need fear no apparent confiict either with the facts furnished by history or with 
the ideals which moralists may be endeavouring to realise. 

Ricardo, Senior, and some of those who have followed them, have not been 
careful to state exactly what they assumed. This neglect was often very excusable 
in Ricardo, especially when lie assumed things that were prominent and well- 
known features in the economic conditions of his day. lie did not feel called upon 
to state some assumption, because it was so clear to common sense that it did not 
seem worth while to put it on paper. Hut if there is any lesson that history 
teaches us, it is that nothing is so well known that we can assume it 
will always he well kiu)wu and does not need to be explained. William 
the Con(|ueror framed nu elaborate scheme for the taxation of Ungland, and 
recorded the results in ‘ Domesday Book.’ IJe said that every place was to 
pay according to hides. This place was rated at so many hides and that other at 
so many more or less. But what was a hidef Tie did not think it necessary te- 
state that, because it was obviously a thing that everybody knew ; in the course 
of time it came to be a thing that everybody had forgotten, and the precise mean- 
ing of which is being gradually recovered. But William the Conqueror could 
hardly be expected to foresee all that, or to know that, in the interests of historical 
research, he ought to liave given a plain definition of the everyday language 
which he used. 

In much the same way Ricardo could not be expected to foresee that within 
half a century after he wrote there would he an extraordinary agricultural revo- 
lution ; he lived before the days of thorough draining, when high farming was 
still in an experimental stage ; in his time Uoglish agriculture was still mainly 
extensive. If prices jiromised well the farmer would plough more ground and 
bring a larger area under crop ; if prices ruled low the worst land would go out of 
cultivation. There were many fields which were actually on the margin of 
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cultivation, and were left waste after the fall of prices in 1810, Ricardo and 
Ricardo’s readers would have the clearest picture before them of the agricultural 
conditions he assumed when his ^Principles’ were published in 1817. It is said 
that his theory of rent does not apply, without modification, to new countries 
which have been developed since he wrote, or to old conditions of society of which 
he was unaware, or to the highly intensive farming that has been developed since 
he died. Very likely it does not ; it would be very odd if it did ; surely a man 
may get the credit of giving an admirable explanation of the facts before him even 
if the terms he used do not directly apply to facts which were about to come into 
being subsequently. As his reasoning is hypothetical it has universal validity in 
form, but Ricardo was far too good a logician to suppose that it therefore had 

general applicability to all places and times. If he had only stated the 

conditions he assumed — conditions which were obvious to him and might be easily 
discerned by us if we chose — the value of his explanation, and the limits within 
which it is true, would have been clear. 

Somewhat similar and similarly excusable carelessness was shown by those 
economists among whom the doctrine of a wages fund grew up.^ They did not 
define it as fixed, but they thought and argued about it as though it was fixed 
owing to the actual circumstances of their times which they implicitly assumed. 
So far as real wages are concerned and the available ^ fund ’ of the necessaries of 
life, this was restricted by the operation of the Corn Laws : it could not be easily 
increased as a matter of fact. So far as money payments for labour were con- 
< 5 erned, the additional outlay which the capitalist was prepared to make for 

wages was also closely restricted in the great trades of the country. In the 

textile trades machinery was being introduced but slowly ; the contest between 
hand-combing and machine-combing had still to be fought, and the power loom 
was beginning to be a practical succi'hs, not only in cotton w^eaviug, but in the 
ancient and staple trades of the country. The expense of machine weaving could 
be definitely calculated, and if the expenses of production by paying hand labour 
came up to it then the power loom would be introduced, and the weavers thrown 
out of employment, in so far as they were not lu'cded to mind the machines. The 
expense of the machine production of a given quantity of cloth wa.s a ^ wages fund.’ 
This wages fund was practically fixed, and was divided between the large numbers 
who applied for employment, and among whom the work was ^ spread out.’ We 
may be thankful that these conditioii.s have passed away, but we need not denounce 
those who formulated a theory of wages, which was on the whole applicable to 
the times in which they lived, because these times liave changed, and it is no 
longer so applicable to ours. The great English economists of the early part of 
this century gave excellent explanations of the industrial phenomena with which 
they were familiar; their error — and a very excusable error — lay in not stating the 
conditions they assumed, and thus indicating the limits within wliich their 
doctrine could be considered to hold good. 

I fear I have occupied a long time in saying very little ; yet it is not un- 
necessary to insist that we shall have tlie best chance of advancing economic 
science if we try to make sure, at least for ourselves, that we know what we are 
talking about. It is well to be clear how far we are dealing with reasonings that 
liave a merely formal validity and universality, and liow far with the phenomena 
of the world we live in. If we are to pn'serve and develop economics on all its 
sides, both as a formal science which deals with the relations between economic 
units of all kinds, and as an instrument for inve.stigating actual facts and under- 
standing them better, then we must be careful to see that our hypotheses are 
appropriate to the actual conditions of life and most anxious in our endeavour to 
state fully the conditions we assume. 
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ji'he following Papers were read :*r- 

1. Labour and Gapital. — Their Differences and how to Reconcile them. 

By C. H. Perkins. 

The appointment of a Koyal Commission for the purpose of inquiry into the 
causes of the constantly occurring disputes between Labour and Capital, is an 
additional proof of the extreme gravity of the question. 

The results of that inquiry it would be unwise to predict. That much valuable 
information will be obtained there is no doubt, but it will afterwards rest with 
practical men to use that information to advantage and in furtherance of the 
objects in view. Thus, even while the Commission is sitting, there is ample 
scope and a most useful field for thought and inquiry. 

The causes that have produced the present state of things are readily to be 
understood. Employers, as a rule, and very naturally, have sought to secure labour 
at the lowest possible cost ; and so long as they held absolutely the upper hand, 
disputes could not long continue, and there would be no impediment to the progress 
of the country in wealth, industry, and commerce, however much the philanthropist, 
and indeed the political economist, might have reason to deplore the subservience 
of the working classes and their deprivation of much of the true enjoyments and 
happiness of life. 

But now an enormous alteration has taken place, through the spread of educa- 
tion, a cheap press, ready and cheap means for emigration, and the power of com- 
bination by means of trade and other unions. 

Thus the forces of labour and capital are equalised, and strikes and disputes 
have become protracted and dangerous, and the necessity of some mode of identify- 
ing the respective interests of labour and capital, and of promptly settling disputes 
when they do arise, is rendered absolutely necessary. 

While much has been said and written as to the identity of the interests of 
labour and capital, it is apparent that capital has in some respects a preferential 
claim. Such claim includes interest for its use and its e\entual return to the 
investor. 

The power to labour is, on the other hand, the workman’s capital, and for its 
use he is entitled lo wages at current rates, and, as that power is an exhaustive one, 
its possessor sliould be recouped, so far as possible, for its expenditure. 

But as regards capital, the money invested can only, as a rule, be refunded if 
success attends the undertaking in which it is embarked, while the workman, 
after receiving wages at current rates, can, if he likes, remove to other scones of 
labour, and thus incurs no risk of loss beyond the expenditure of a certain amount 
of his physical strength. 

Before, therefore, projits can be regarded as having been attained, interest at a 
rate depending upon tlie nature of the undertaking must be paid, and also a certain 
annual sum, or a percentage on the profits, for redemption of capital. 

These preferential claims being provided for, it is proposed that all further 
profits or income be divided between capital and labour in the proportion that the 
amount invested and employed as working capital bears to the collective amount 
paid annually in wages. 

Thus, presuming a collh'ry, for example, has cost and employs capital to the 
extent of 20,000/. and that the interest is 5 per cent., and the charge for redemp- 
tion 2^ per cent., 1,600/. per annum out of the profits would thus be paid to the 
investors. Presuming that the annual profits were 5,200/., there would be a 
residue of ‘3,700/. for division between capital and labour. If the latter, as repre- 
sented by the wages paid, amounted to 20,000/., half of this residue of 3,700/., that 
is, 1,850/., would accrue to labour and half to capital. Thus, presuming a man’s 
annual earnings amounted to 60/. he would receive a bonus of 6/. 18.<f. %d. per 
annum. 

Capital would really lose nothing by this apparent surrender, for it would first 
receive interest at fair rates and redemption, and secondly the immunity from 
strikes and stoppages ; and the additional care and economy that would be showm 
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by the workmen would probably more than make up for the amount paid to- 
them. 

In all these co-operative undertakings the workmen would be invited to select 
three or more of their body to act as ‘ Workmen’s Directors,’ and consult with the 
employers upon all matters connected wdth the work and wages of the undertaking.^ 
In this way careful supervision would be exerted, and bad and careless workmen 
speedily got rid of. 

To establish this system it is necessary that it receive official recognition. The 
men will not believe in it if it merely appears as a gift on the part of the 
employers. 

Thus it is necessary that registration offices should be established by Government 
in convenient localities, where these co-operative undertakings would be registered^ 
the main particulars as to capital, interest, &c., being stated, and each half-year 
the amount paid in wages and the profits made. Attached to each registration 
office there would be commissioners, men of known standing in their respective 
districts, and these would form a Board of Appeal to which any labour disputes^ 
that might arise could be referred. 

The importance and advantage of such a Board cannot be overestimated. 
Disputes that now ripen into long and protracted strikes would be settled at once 
and great loss prevented. 

It is appropriate that this scheme should be considered in the great theatre of 
labour where the British Association this year meets for the prosecution of the 
great and beneficent objects that it so powerfully advances. 


2. On the Coal Question, By T. Forster Brown, MJnst,C,E. 

After referring to various writers on the subject, the writer proceeded to discuss 
the probable duration of our total coal resources. 

This depends upon whether the ratio of increase in production will continue to 
ascend or diminish. 

It will probably be a decreasing ratio for the following reasons : — 

1. The population of the country is increasing in a diminishing ratio. 

2. The earlier developed coalfields already show a retarded rate of output. 

3. The working of tliinner seams will further reduce the output capacity. 

This would make it ap|)ear that the total exhaustion of coal, if the Keport of tlie 

Royal Commission of 1871 is to be relied upon, is in no way imminent; but, as the 
coal is worked in thinner seams and greater depth, the cost of producing it, after a 
certain period, will begin probably to steadily increase. 

The writer exemplified the retarded rate of output of the earlier coalfields. 

The maximum output may probably be reaclied in twenty-five years, and 
continue for another twenty-five years. After this period a new element in the 
commercial position of the nation, viz., the greatly enhanced cost of fuel, will 
commence to be felt. 

This increased cost will be partially obviated for a time by reduction in the rate 
of wages, and of prices for materials, a.s well as in royalties and other charges, but 
it will be impossible to maintain the cost of production at the present limits. As 
the expansion of our industries is absolutely dependent on a low range in the cost 
of fuel, the effect of an increased cost will begin to manifest itself, and will operate 
first of all on our carrying trade. 

We are now able to export large quantities of coal, which acts as ballast, 
receiving in return all, or nearly all, the raw material required for our manufac- 
tures, as well as a large proportion of our food supplies, at low freights. With 
coal at an increased price, we shall have to pay a higher price for our raw material, 
and this, with the increased cost for steam, must raise the coat of producing our 
manufactured ^oods, and limit our power of competing with other countries, lead- 
ing to a continuance of bad trade, with shorter intervals of prosperity, to the^ 
transfer of much of our capital and investments abroad, the loss of that which 
remains, and to the lowering of wages and the emigration of the best of th» 
working classes. 
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Present hnportnnce of our industries illustrated by statistics. 

The mere loss of capital, though serious, will not be of prime importance to 
future generations, but outlay, for the redemption of which no provision has been 
made during the period of continuous prosperity, and on which interest must be 
paid, will be a crushing burden. 

This will especially apply to — 

1 . The National Debt. 

2. Our railways and docks. 

3. Our municipal debts. 

4. Our water and lighting works. 

The interest upon this capital, with continued bad trade, must inevitably ulti- 
mately lead to national bankruptcy, and probably fundamental social changes, 
unless the capital is paid off. 

It is obviously the duty of this, and the next, generation to devise means, if 
possible, of repaying the great expenditure incurred in the develojiment of our 
resources ; before tliese exceptional re.sources are exhausted the expenditure would 
never have been necessary in a purely agricultural countrv or m a country in which 
the coal resources were inferior in quality or costly to -work. 

Itemcdy. 

The writer suggests that the remedy is the acquireineut by the State of the 
railways, doc-ks, municdpal and other loans, and of all lighting and water works, 
and the liquidation of the National Debt. 

By this means the cost of carriage of coal, of passengers, and goods, could ulti- 
mately bo reduced to the mere cost of maintenance and working, the total amount 
of the purchase by the State being gradually extinguished hy tlie operation of a 
sinking-fund. 

The total charge for the National Debt is at the present moinont 25,000,000^.; the 
profits on railways, docks, and canals are about 39,81 7, OOOZ. per annum, and should 
it be possible to purchase for the nation all the above, and to extinguish the capital 
by the operation of a sinking fund, tlie total gain to tlie nation would ultimately 
be 60,000,000z. per annum. This sum would cover a very large increased cost iii 
the price of coal, and go a great way towards enabling the nation to maintain its 
commercial position, so long as our coal resources endure. 

The paper further discussed the probable mode in which the nation could 
acquire the railways without involving n large annual outlay, and winds up with 
scune general observations upon the whole question, and points out that tlie time 
lias arrived when the subject requires serious legislative investigation. 


FRIDAY, AUGUST 21, 

The following Papers were read : — 

1. ^Miners' Thrift and Emjyloyers^ LiahiJity : a RemarJcahle Experience.'* 
By George L. Camprell, Secretary of the Central Association for 
Dealing with Distress caused by Mining Accidents. 

The thrift dealt with in Mr. Campbell's paper was that embodied in the 
system of miners’ permanent societies, which was commenced about thirty years 
ago in the north of England, and has steadily grown until it now represents the 
chief volimtary endeavour to meet the distress arising from the dangerous vocation 
of mining. The liability of employers was chiefly that set up by the Employers* 
Liability Act of 1880 ; and the principal question submitted to the section was as 
to the desirableness on grounds of public policy of legislation suggested for the 
tmrpose of hindering miners and their employers entering into arrangements 
1891. 3 B 
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whereby, in view of the existing law, they jointly provide against all the casualties 
incidental to their trade. The words, ‘ contracting out of the Act,’ were advisedly 
set aside as not representing fairly the arrangements now prevailing, and it was 
contended that the existing contracts are in view of the Act, and are the result of 
legislation rather than an attempt to evade its provisions. The history of colliery 
clubs having been lightly touched upon, the paper set out the progress of the 
movement for establishing permanent funds, one of whose chiei objects is to 
remove the anomaly as to fatal accidents, whereby when men were killed in large 
numbers subscriptions provided for their dependents, but when men died singly 
there was no attempt to elicit public help. When representatives of the societies 
met in conference for the first time in 1878, the total membership was 90,000, and 
a central association was formed, at whose conference this year (1891) were repre- 
sented societies with an aggregate membership of 268,971 ; with a revenue of 
242,658/. ; with accumulated funds amounting to 667,29.3/. ; with 2,895 widows 
and 3,842 children in receipt of allowances, and having in the year 1890 dealt 
with 30,411 cases of disability through accident. The increase of membership 
from 1889 to 1890 was over 30,000. Mr. Campbell proceeded to show what had 
been done in view of the Employers’ Liability Act in the coalfields having perma- 
nent societies, and it appeared that at December, 1890, there were 110,973 of the 
members of the permanent societies under arrangement with their employers, the 
general principle being that I ho masters contributed 25 per cent, on the con- 
tributions of the men. The ‘ remarkable experience ’ referred to in the 
title of the paper had sjiecial reference to Monmouthshire and South Wales, 
where the society wa'' formed after the Act of 1880 was passed. It was now 
second in point of numbers of the permanent societies, and had 52,760 members. 
Add to these 12,978 members of the North Wales society, the 44,824 of Lancashire 
and Cheshire, and a small contingent of North Stafibrdshire, and then let the 
question be squarely put — was it possible that, in view of the powiu'ful agitation 
maintained in and out of Parliament since 1880, these? 110,973 men could have 
been forced into an arrangement or by force could be kept under an arrangement 
with their employers ? No more than they could coerce a nation could they 
coerce 110,000 men who stood almost shoulder to shoulder from Cumberland to 
Cornwall, and who had shrewdly made the Act of 1880 the means of making 
provision for all accidents — not only those for which the employer is legally 
responsible and those caused by the workman’s inadvertence, but for that great 
proportion of disasters for which iieitlier masters nor men could be held account- 
able. Elaborate statistics were appended to the paper, from which Mr. Cai^bell 
said it would not be diflicult to ascertain how much had been lost to the suflerers 
from accident in the mining community by reason of there not being general 
combination between masters and men for their mutual insurance and benefit. 
The tables of figures answered the question whether monetary considerations 
hindered safe management ; and especially was this the case as to North Wales, 
where, with a most comparit organisation of employers and employed in view of 
the Act, there had since its passing been a steady reduction in the number of 
, accidents. It was contended that the miners’ permanent societies ought not to be 
disturbed, and that, while the Legislature should be encouraged to make the Act 
of 1880 permanent and to prohibit contracts based alone on consideration of 
employment, contracts should be permitted and encouraged which made provision 
for all accidents as sufficient as the Act gave in cases where the employers were 
liable. The risk was an insurable one, and the Legislature were not likely to 
hinder a man insuring against an insurable risk ; nor was it reasonable to say that 
while it might be covered by a proprietary company it ought not to be available 
business for a concern in which the parties interested were proprietors with the 
profits returned to them. Since the select committee of 1886 received evidence 
the number of contracts in view of the Act had increased by no less than 38,000 
in mining alone. Every year strengthened the position of those who contend that 
in this matter freedom of contract should be maintained, coupled with reasonable 
security against the workmen being placed at a disadvantage ; and the object of 
the paper would be served if it assisted in maturing public opinion in the direction 



THANSACTIONS OF SECTION F. 


739 


of hindering the Legislature striking a severe blow at a system of thrift which had 
admirably served its purpose, and which, by reason of its excellent work among a 
claM who suffer greatly for the public good, had strong claim for consideration at 
the* hands of the nation at large. 


2. State Provision against Sickness and Old Age, and the German Inva- 
lidity and Superannuation law. By LouiS Ttloe. 

The writer proposed to present the German law in an English dress and draw 
a slight sketch of what would be the experience of English workpeople were we 
to adopt the principle of State insurance in our own way of doing things by com- 
bining officialism with voluntaryism in much the same way as we have already 
dealt with education and military service. Among the proposed modifications of 
the German system are the adoption in England of a uniform standard of relief, in 
place of the fourfold classification according to wages which prevails in Germany, 
and the substitution of sixty-five years for seventy years as tlie limit of super- 
annuation. Other readjustments are enumerated under several heads. The 
total cost of the scheme is estimated at I 5 . 8cl, per week, which the writer 
apportions between employers and employed. Further information has increased 
the estimate to Is. 5d. per week. 


3. On Some Economic Aspects of Life Assurance. By John M. McCandlish, 

F.Jl.S.E., formerly President of the Faculty of Actuaries in Scotland. 

After referring to the growing interest of the public in this subject and to the 
fact that to Life Assimmce are due tlio existence and the security of tens of thou- 
sands of families, the author defined l^ifo Assurance as being, like Fire or Marine 
or Accident Insurance, a means of mitigating the pecuniary loss arising from an 
accident by distributing it among tlie many who are liable to the like accident, 
the accident in this case being that of premature death. The paper proceeded to 
show among other things that legitimate life insurance was the antithesis of 
gambling, and that the real gambler is he who refuses or delays to insure his life 
when he has no other means of providing for his family ; while Insurance Institu- 
tions or Governments or Municipal Bodies gamble if they conduct insurance or 
annuity schemes on unsound principles. It was needful also to recognise that the 
advantages of life assurance must be paid for, and that while every man gets what 
he has paid for, namely, protection against loss to his family in case of his prema- 
ture death, in another sense the advantage to the families of those who die soon 
must be paid for by those who live long. And in the case of annuities the advan- 
tages to those who live long must be paid for by those who die soon. 

The paper dealt with the question to wliich Canon Blackley, and more lately 
Mr. Chamberlain, have invited attention — of how ‘ the masses^ can be induced or 
compelled or assisted to provide for their own old age, so ns to escape tlie degra- 
dation of pauperism and relieve the country of the cost of it. It. was shown that 
by an extension and a popularising of the existing arrangements by which Govern- 
ment sells deferred annuities it might be made easy for almost every member of 
the so-called ^ working-classes ’ to secure by means of payments well within his 
power, and extending over a limited number of years, a sufficient income for him- 
self in old age. It was recommended that the necessary facilities should be ^ven 
and a staff of men employed to promote the scheme, leaving it for future consider- 
ation whether any form of compulsion, as has been proposed, or any further 
inducements should he used to ensure its universal adoption. It was pointed out 
at the same time that any large contribution out of public funds towards this 
object, unless it could be shown to be for the benefit of taxpayers universally, 
would be simply an arbitrary transfer of money from the pockets of those who 
would derive no advantage from the scheme to the pockets of other people. 
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4. The Survival of Domestic Industries, By Professor Gonner. 

The complaints at the time of the depression of home industries and their 
suspension by the factory system lay stress on four main points. 1. Machinery 
and steam power. 2. Currency changes and taxation. 3. Foreign competition. 
4. Irregularities. These grievances exemplified from the Reports of Royal Com- 
missions and Select Committees of the House of Commons. On analysis the chief 
causes of the change in mode of employment may be deduced from these. They 
are: — 

(a) The effect of machinery. 

(b) The economy of labour in the factory. 

(c) The need of some centralised system of manufacture to counteract irregu- 
larity and uncertainty of demand. This owing to what may be termed the de- 
localisation of demand. 

Importance of these two latter as showing that the tendency to change existed 
before, though it was much accelerated by the introduction of great mechanical 
appliances and the use of steam-power. Continuing the investigation it is necessary 
to observe separately the eflect of the two systems (home industries and factories) 
on (a) the work produced, (b) the condition of the workers. 

I. Industries in which the work is largely aifected or which allow of factory 
organisation. Some other industries, viz., those requiring regular work and not 
demanding any unusual degree of skill, may be included with these. Where 
machinery can be used, the work produced by its aid is cheaper and often better. 
The condition of the workers in these trades does not seem to have deteriorated on 
their employment in factories. Reasons for this. The instance of the hosiery 
trade and the nail- and chain-workers in the midland counties. 

If. Industries in which the three main causes of change are less operative. 
These may be divided into three classes — 

(a) Industries requiring individual artistic skill or in which the commodities 
produced require adaptation, e.y. carving, hand-lace making, brass-working, &c., 
of first kind ; and of second, bespoke clothes trade, *fcc. 

(A) Supplementary trades wliere a largo portion of the labour is given by those 
who, by reason of domestic duties, &c., cannot or are most unwilling to work in 
factories, e.y. straw -plaiting, lace-making, &c. 

(c) Local industries, where the demand is local and the industry local, e.g. 
crab-pot making, &c. 

In some instances of the two former of these classes a tendency to fiictory 
organisation exists owing to the action of the tlurd cause (see above c) and of a 
fourth cause (cT), viz. the desire to restrict competition by combination. 

Conclusion . — The need of further investigation. Its importance. 


5. Free Travel. By S. ]M. Burroughs. 

That it would be desirable to have railways throughout the country as free for 
use by the public as lifts or elevators in hotels are free for the use of the guests, 
there is no doubt. The only difficulty which .arises in making them so is the con- 
struction and management of railways, which is a very costly enterprise. 

The arguments in favour of free travel are numerous, and apparently un- 
answerable. It would relieve congestion in towns, it would greatly assist the 
commerce and industry of the country, would create a greater demand for labour, 
and so advance wages and the social well-being of the people, and at the same time 
tend to a great improvement in general healthfulness and morality. 

If the cost of travel is not collected from passengers, it must be obtained by 
taxation. In the vicinity of Melbourne the children are caixied to and from the 
free schools without charge, which, of course, makes it necessary that the amounts 
otherwise collected from them are collected by taxation in other ways. One aim 
in taxation should be to avoid taxing any class of individuals for the benefit of 
another class ; in other words, making some rich and others poor by law. 
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There is a free ferry at Woolwich wliicli carries any who wishes to travel 
between that place and North Woolwich witliout any charjze whatever. It has 
been observed that until the ferry was started the land at Nortli Woolwich was 
comparatively valueless; that tlie ferry created a rental value on the north side of 
the river which did not previously exist ; and that when the lerry was made as 
free as a free bridge, the land values at North Woolwich increased still further in 
rental value, even more than enough to pay for the cost of maintaining the free 
ferry. It therefore appears that the occupiers of land in North Woolwich pay a 
higher ground-rent on account of the ferry being free, or iu other words, that they 
pay in rent what they save in fares ; and while they are saved some trouble in 
buying tickets, &c., the financial benefit of the free ferry goes into the pockets of 
the ground-landlords in North Woolwich. This instance points the way to secure 
free travel without burdensome taxation by simply taking the increased land values 
imparted by making travel free to pay the cost of the same. This would not be un- 
just or oppressive to anyone. It would not tax anyone’s industry, but simply 
appropriate for public uses one of the effects of the public enterprise. 

Until the several upper floors of a new building are connected with the ground 
floors by stairways, the upper floors are comparatively valueless ; but when the 
stairways are put in the upper floors begin to have a value. If these floors are 
made still more accessible by free lifts or elevators, the value is still further in- 
creased. No company fitting up a large building for rental would think of letting 
another company put in lifts and charge a toll on their tenants, 'they w^ould know 
that such a course would depreciate the rents of the upper floors. On the other 
hand, they make the use of the lifts free to the tenants, and more than recoup 
themselves for the cost by the increased rental value imparted to the upper floors. 
The situation with reference to free travel on railways and tramways is the same, 
only that passengers w'ould not bo carried up and down, but to and fro laterally 
instead of vertically. 

Some years since, iu Sydney, it became necessary for the municipality of Sydney 
to purchase certain lands for public purposes. When the holder was approached for 
a price, he charged a great deal more than the then present value, ‘ because,’ said he, 

* in a few years the value of the land will be considerably increased by the con- 
struction of railways and wharves in the vicinity of the land.’ The Government 
decided that this prospective value could not justly belong to the landowner, and 
that it would be the result, not of his industry, but of the public progress. They 
therefore took the land, paying the then present value for it. If this principle 
could be applied to the free travel question, there w^ould be no difficulty in securing 
it without direct loss to anyone. If certain landowners should fall to receive a 
prospective value, being the result of public and othcT improvements in their 
vicinity or the result of making their lands more accessible by means of free travel, 
they cannot claim that they have suffered loss, but can only say th'^t cue public 
have decided not to make them a present of such unearned inclement, but rather 
to appropriate it to pay the expenses of making the land more accessible. It would 
not be difficult to imagine the great benefits that would result from applying this 
fair principle of taxation, because it would result in the payment of all costs of 
roads, sewers, lights, police, parks, by a tax upon the lands enhanced in value by 
these public expenditures. The question would simply be whether the unearned 
increment should be given to landholders, or whether it should he taken by the 
public, who create it, to pay the expense of creating it. 

If this method of free travel should be adopted, the enormous expense of con- 
structing and maintaining railways would be greatly lessened, (1) for the reason 
that the Government, in constructing railways, would only have to pay for the 
value of the improvements upon land which they appropriate for the purpose, the 
unearned increment being previously taken in taxation. (2) There would be 
another economy in the amount of taxes which are levied upon the plant and 
rolling-stock of railways, which w'oiild be exempt from taxation. (3) A good 
economy would be effected in the management of railways, as all the expenses of 
printing, selling, and collecting tickets would be avoided. If the carriage of goods 
were also made free, the expense would easily be met by a taxation of the increased 
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land values imparted by these means. The saving of time on the part of the 
public ■which is no-vsr spent in purchasing tickets and in booking merchandise would 
also be very great. 

The author does not claim originality for this idea, as free travel has already 
been adopted in the few isolated instances which he has Quoted. Mr. Cooper, of 
Norwich, has given some very interesting figures showing the great economy which 
would ensue to the public from the adoption of free travel. 


SATURDAY, AUGUST 22. 

The following Papers were read : — 

1. The Alleged Differences in the Wages paid to Men and to Women for 
Similar Worlc. By Sidney Webb, LL.B. 

The inferiority of women’s earnings as compared with men’s is notorious, but it 
is not so clear that this inferiority is unconnected with a real inferiority of work, 
either in "quantity, quality, or nett advantageousness to the employer. 

(а) Manual labour.-^ Statistics indicate that the average earnings of women in 
manufacturing industries are from one-third to two-thirds those of men. Put it is 
difficult to find many cases in which men and women are engaged upon precisely 
similar work in the same place and at the same epoch. Thus, in the tailoring 
trade it is practically impossible to discover any such instance. A similar difficulty 
has been experienced in discovering crucial instances in the boot and shoe trade, 
paper making, cigar making, and all the Birmingham industries. 

The clearest case is that of the Lancashire cotton w'eavers, where men and 
women perform the same work, in the same shed, under practically tlie same legal 
restrictions. Here the women, who are as strongly organised in Trade Unions as 
the men, have for at least two generations received the same piecework rates as 
the men, and skilled hands earn as much per week. Statistics are given showing 
that this equality prevails in the weaving of other fabrics, both in France and in 
England, but not in other branches of the textile industiies. 

On the other hand, women compositors (wlio are not trade unionists) habitually 
receive in Edinburgh and Paris, as well as in London, not only lower time wages 
than men, but also distinctly lower piecework rates for work of exactly equal 
quality. Facts given as to other occupations of women, where no organisation of 
workers exist, show a general inferiority of women’s wages. 

Where custom prevails, as in agricultural hirings by time, women, like boys, 
get less than men. But in competitive agricultural hirings by the piece, as in 
tumip-hoeing or harvesting, women and boys receive equal piecework rates with 
the men. 

(б) Routine mental work . — Here the statistics quoted with regard to type- 
writers, clerks in the Post Office and a large insurance company, telegraphists, and 
teachers, both in elementary and in secondary schools, show that women habitually 
receive less than men for work of equivalent grade. Statistics of sickness in the 
Post Office show that women are away from tlieir work more days than men. 

The salaries of women teachers in the United States are less than those of men, 
hut the difference is greatest where women have least independence, and it dis- 
appears altogether in Wyoming, where women have the suffrage, and the School 
Law enacts that no distinction of wages according to sex shall be made. 

(c) and (d) Artistic and intellectual work . — Few facts of economic significance 
can be gleaned in these fields, but the cases of women singers and novelists, and 
those of the Paris correspondent of the * Daily News ’ and the postmistress of 
Gibraltar, show that women of special skill obtain their full ‘ rent of ability.’ 

The only general conclusion that can be drawn appears to be that the in- 
feriority of earnings is nearly always connected with inferiority of work. As a 
rule the competition between men and women is a competition for kinds of work ; 
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and women earn less not only because they produce less, but also because what they 
produce is usually valued in the market at a lower rate. This seems due mainly 
to (a) custom, {b) public opinion, (c) women’s lower standard of life, and (d) failure 
to combine for their own protection. The remedies seem to lie in the direction of 
education, both of public opinion and of women. 


2. The Taxation of Inventors, By Lewis Edmunds, B,Sc. 

There are few classes of the community, in a raanufacturinof and industrial 
country like Great Eritain, to whom the nation at large is more indebted for its 
prosperity than the inventors. It would therefore appear to be to the interest of 
the Government to offer every facility and encouragement to inventors, and with 
this object to afford them mil opportunity for the acquisition and retention of 
property in their discoveries. But the contrary is the fact. There is no species of 
property which is so heavily pressed upon or so burdened with taxes as the very 
limited one which the law allows an inventor to acquire. 

Although distinctions may be drawn, the monopoly granted by a patent is in 
many respects of the same character as the copyright acquired by an author, and 
the word copyright might be almost equally well applied to the rights acquired by 
an author and by an inventor. But while the properties of an author and an 
inventor are very similar in their nature, the jiosition of an author is immensely 
superior. J le or his representatives hold the copyright for life and seven years after, 
or for forty -two years from the date of publication, whichever may be the longer 
term ; and no fees of any kind are payable to the Government, except when for the 
purpose of securing rig-hts in foreign countries, or of taking legal proceedings for 
an infringement, it is necessary to register the copyright at Stationers’ Hall, in 
which case a small fee is demanded. There is no special tax ation of authors of any 
kind, unless, indeed, we count as such the five copies which ha\e to be presented 
to the British Museum and the University libraries, and this is a small matter. But 
an inventor is not so fortunate. By the nature of the case, he can only secure 
himself after complying ^\ith numerous formalities and making a full disclosure of 
what his invention is. This, of course, cannot be complained of. But even then 
the inventor obtains the monopoly of his invention for fourteen years only, and 
this is now subject, after the first four years of the term, to the payment of heavy 
annual fees, ranging from 10/. to 20/. and amounting to 150/. in all. It is contended 
that these renewal fees are an unjustifiable tax upon inventors, and also that the 
preliminary fees payable at the Patent Otlice in connection with the application 
for the grant of the patent and the lodging of the specifications being 4/., and quite 
sufficient to cover the whole of the Office expenses, no further demand ought to be ‘ 
made by the Treasury. 

If it were proposed to put a tax of 10/. or more a year on every literary work, 
or else to abolish the cop^ight of the author, the suggestion would be scouted ; yet 
inventors, with every claim to equality of treatment, are mulcted of these heavy 
fees or else lose their patent right. 

Under the recent Patents Act of 1883, the total expense of a patent running 
for the full teim of fourteen years was reduced from 175/. to 154/., but the whole 
abatement took place in the initial expenses, which were reduced from 25/. to 4/. 
What are now called ‘renewal fees’ to the amount of 150/. are payable as before, 
either in amounts of 50/. and 100/. before the end of the fourth and eighth years, 
or in annual payments in the fourth and succeeding years varying from 10/. to 20/. 
As a matter of fact, the patentees, with few exceptions, elect to make the annual 
payments in ^iret'erence to the lump sums of 50/. and 10()/. 

In the United States of America inventors are not discouraged as they are here. 
There, a patent may bo obtained, which lasts for seventeen years, for a payment of 
about 7/. 10». in the first instance, and no further fees of any kind are payable. A 
British patent which runs for fourteen years, therefore, costs more than twenty 
times as much as a United States patent which endures for seventeen years. Con- 
sequently, although there is a search as to novelty wliich w^eeds out a lar^ 
proportion, there are twice as many patents issued in the States as there are m 
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England, with corresponding advantages to the industries of that country. The 
patenting of not only home but also foreign inventions is tliereby encouraged, and 
an inventor having obtained a patent is induced to push his invention, and to make 
further improvements in it. The success of an invention means the improvement 
or creation of some new industry, and hence the country shares with the patentee 
in the profits of tlic invention. 

Looking to the report of the Comptroller-General of Patents in this country 
for the year ]88{), it appears that the total income from fees on patents was 
161,794/. 4s. 4d., of which sum 93,205/. was paid by way of renewal fees. The 
surplus profit of the OtBce was a little more than this sum, namely, 93,534/. 8s. 9^/.^ 
and this went to the Treasury, and was used for the general purposes of govern- 
ment. It follows that if the annual taxes were abolished the Patent Office could 
still pay its way. This surplus profit is, therefore, a direct tax upon the inventors. 

The taxation of inventors through the medium of ‘ renewal fees ’ is a remnant 
of the old demands and perquisites incident to the passing of letters patent under 
the Great Seal. It is entirely inequitable in principle, it works great injustice and 
hardship in practice, and, by damaging the value of property in inventions, acts as 
a drag upon the inventive genius of the nation, and thereby injuriously affects all 
the industries of the country. 


MOyDAl\ AUGUST 24. 

The following Papers and Report were read : — 

1. On Ttecent Progress in Indian Agriculture. Py C. L. Tui’PER, Chief 
Secretary to the Puujaub Government . — See Reports, p. 582. 


2. Eaihcay Communications of India. By W. C. Furnivall, M.Inst.C.B. 

The paper gave at the outset a short history of railways in India since their 
commencement about forty years ago, and stated the reasons for the introduction of 
the metre gauge in 1871. Up to the beginning of this year (1891) 10,277 miles 
were open to public traffic, at a cost of 2,128 millions of rujiees ; two-thirds of the 
length have been built on the standard gauge of 5 ft. Oin., and the remainder on 
the narrower gauge of one metre. The cost of these lines, according to the 
records, has been — standard gauge about 170,000 rupees, and narrow gauge 
75,000 rupees per mile. But in this calculation no allowance has been made in the 
capital account for the fluctuating value of the rupee. The gold loan from 
England has been debited to India at the Exchange rates of the dates of transac- 
tions, and as the sterling value of the rupee has ranged between 2s. 2d. and some- 
thing under 1^. Qd. during the last forty years, the obligation.s of the Government of 
India for gold interest, calculated in rupees, are heavy. Gn the capital outlay, 
estimated in rupees, the railways paid over 4J per cent, last year. It is advanced 
as worthy of remark that the narrow gauge gave almost a similar return to that 
of the broad gauge on an expenditure per mile of less than one-half, hut the broad 
gauge has been adopted for all frontier railways which are at pre.sent unremunera- 
tive. The author contended that — 1. Indian railways have been well laid ouU 
and are well built, but the introduction of a break of gauge must be viewed as a 
misfortune. 2. Passenger fares and goods rates are suHiciently low to attract 
traffic and promote trade with England, especially that of a supply of wheat. 

3. The demands of Indian railways on England for iron and steel equalled about 
one-tenth of the whole English exports of last year, 

A comparison is made between the rate of development of railways in the 
United States and India per unit of population. The census for this year gave 
286 millions in India, and the expenditure was, therefore, rupees 7*44 per head, or 
11 shillings. In like manner the length of the line finished was computed at 
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inches per head. In the United States in 1888 the length of railways open, to 
public traffic was 166,082 miles, ajid the outlay on construction was calculated at 
9,369 millions of dollars. Estimating the population at 60 millions, these figures 
give 13f feet at a cost of 32/. 45. x>er head, which equal 47 times the length, and 
68 ^ time.s the expenditure per head in India. At this point it is observed the 
comparison may bo permitted to cease, because it would bo absurd to imagine 
conditions in India which could cause the profitable developmeut of railways at 
the rate maintained during recent years in the United States. 

The question arises, however, Have the English done enough in India ? The 
latest records show that the population has increased by 29 millions within 
the last decade, and it might reasonably be anticipated that increase in the future 
will be progressive. Accounts show that a reasonable return for railway invest- 
ments has been obtained, and that the older lines are securing handsome dividends. 
Experience indicates that the development of Indian railways opens an important 
field of demand in the iron and steel industries of England, and furnishes a supply 
of wheat, the price of which competes with America and Russia, so that the cost of 
bread to the English consumer may be regulated. Experience also shows that 
railways in India have done much to awaken the people to new lights, and to a 
sense of new responsibilities which tend to the obliteration of old superstitions and 
the generation of loyalty towards the central governing power, and of interest in 
the maintenance of the Empire. 

It is true that the Indian currency has depreciated in its comparative value to 
sterling money of late years, but it is pointed out that similar risks occurred else- 
where, as, for instance, in the Argentine Republic, where the paper dollar depends 
for its value in relation to gold on the honesty of a nation whose interests seem to be 
separated widely from the interests of England. Up to the present time practi- 
cally all railways constructed in India have been obtained by English capital guaran- 
teed to pay a certain percentage by the Secretary of State, and consequently pro- 
gress has been slow. India is poor, and the trading classes do not accept railway 
investments ; but now that the circumstances of India arc knowm in England, and 
now that the records show that reasonable returns can be obtained if the railway 
routes are selected with intelligence, even on the depreciated value of the rupee, 
because its relative value has only changed in regard to gold, not as regards grain 
and labour in India, the author suggests the question whether the private enter- 
prise of England cannot lift this burden from off the shoulders of the Government, 
and be induced to supply capital without the trammels of a Government 
contract. 


3. Report on the Teaching of Science in Elementary Schools, 
See Reports, p. 383. 


4. 071 the Upbringing of Destitute and Davper Children. 

By the Rev. J. O. Bevax, M.A. 

The author touched upon the importance of the subiect, having reference to 
the number concerned and the disadvantages under which they laboured from 
birth. 

He deprecated the massing together in workhouses and district schools. 

(«.) For physical reasons. 

(/•.) P’or moral leasons. 

(c.) Eor economic reasons. 

IJ e then laid stress on — 

(a.) The evils of the system, especially as affecting girls. 

(6.) Recommendation that larger powers be granted to Boards of Guardians 
as ngainst profligate and drunken parents. 
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(e.) The provisions of the following* Acts : — 

The Poor Law Act, 1889. 

The Prevention of Cruelty to, and Protection of, Children Act, 1889. 
The Industrial Schools Acts Amendment Act, 1881. 

The writer next touched upon District Schools, and especially Cottage Homes. 

I. Advantages, II. Disadvantages. 

The following remedies were suggested : — 

I. Classification according to character, previous history, and associations. 

II. Small homes for incorrigihles and those removed from immoral sur- 
roundings. 

III. Boarding-out in every practicable case. 

(a.) Finds homes, &c., ready to its hand. 

(6.) Brings the child back into family life ; interests foster-parents and 
influential friends in present and future welfare; enables the child 
to make suitable friendships. 

(c.) It is inexpensive. 

(fc?.) It tends to merge the child info the general mass of the population. 

(<?.) It provides for a supply of domestic servants and workers in 
every branch of industry. 

(/.) It enables Boards of Guardians to avail themselves of help from 
Voluntary Committees composed of persons in a good social 
position. 

{ff.) It has been adequately tested for many years in the three kingdoms 
with satisfactory results. 

IV. Emigration. 


TUESDAY, AUGUST 25. 

The following Papers were read : — 

I. On the Bata Available for Determining the lest Limit {i')liysioalhj) 
for Hours of Labour. By J. T. Arlidge, M.D. 

The author began by remarking that the great variability in capacity of the 
human machine forbade the collection of facts, capable of measurement and of 
statement in a statistical shape, for exact data. Consequently, those sought must 
be derived from physiological facts and from consideration of the demands upon 
human vigour made by the several occupations followed. 

He treated his subject, therefore, under two heads, according as data are derived 
from the consideration (A) of the individual worker, and (B) of the work to be per- 
formed. The title of the paper confined his remarks to bodily or physical labour, 
leaving undiscussed the equally distinct labour of the intellect, which happens to 
be largely ignored in the popular idea of work and working-people. 

Individual qualification for work varies in direct relation to (a) innate physical 
endowments ; (/il), to the extent of freedom from disease, hereditary or acquired, 
and from bodily deformity ; (y) to original and acquired aptitude for labour ; and 
in some measure, to mental gifts. Idiosyncrasy and racial characteristics are 
otner minor factors determining ability for certain kinds of employment. These 
diversities in individual capacity for work show the futility of general rules to 
govern all men's labour. 

In the second division of the subject the leading conditions of labour as affecting 
the construction of data were examined. First of these is the amount of actual 
bodily effort called for. Though this in great excess is detrimental to health and 
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life, its effects are less pronounced than sedentary work, statistics clearly proving 
that the comparative mortality figure of the latter, as illustrated by numerous 
trades, is considerably greater than that of active and strong muscular exertion. 

Moreover, apart from physical toil, there are a multitude of collateral and 
accidental conditions of employment of great influence upon capability for labour, 
and which call for examination when data for limiting the extent and duration are 
searched for. Among such are the situation of work, whether in the open country 
or in a town ; whether above or beneath the surface of the ground ; and, in connec- 
tion with these circumstances, the existence of darkness, of foul air, or noxious 
fumes, of the presence of dust, whether poisonous or not, of elevated temperature, 
or of highly increased atmospheric pressure. With reference to mining, in which 
many unfavourable conditions enter, it seemed desirable that the houis of labour 
be shortened. Nevertheless, were the evidence of the production of a high death- 
rate to be accepted as the criterion for curtailing working hours, mining would 
not challenge the first place, but be surpassed by several other occupations, and 
especially by the manufacture of cutlery and of pottery. In demonstrating the in- 
fluence of incidental conditions of work upon the sources of data, illustrations were, 
for the most part, drawn from the character of mining operations. 

To guard against misunderstanding, the writer called attention to the fact that 
the remarks made applied to adults ; and that, in the case of children, distinct data 
for limiting labour existed in imperfect development and advancing growth ia 
body and mind — data, indeed, rightly used in framing the restrictions of the Fac- 
tory Acts. 

Lastly, whilst admitting the existence of trades presenting conditions of labour 
seriously prejudicial to health and life, and calling, in consequence, for some limi- 
tation of the hours and extent of labour, he deprecated general interference by 
legislative enactments with the freedom of men in the pursuit of their selected 
trades, as being prejudicial to enterprise and to the manufacturing interests of the 
country, and also as destructive of individual responsibility, and of the feeling of 
independence, by replacing tlic natural law of .self-preservation by State nursing. 


2. The Cure of G on swaption in its Economic Aspect. 
By G. W. Hambleton. 


3. The Increase of Food and Population, By W. E. A. Axon. 


4. Le Play's method of Systematic Observation. By F. Auburtin. 


5. Becent Changes in the Distribution of Po2?ulation in England and Wales, 
By Edwin Cannan. 

The rough-and-ready method of describing the great change which has taken 
place in the distribution of the population of England and Wales during the present 
century is to say that the North has enormously increased in comparison with the 
South. It is more accurate to say that the tendency of the increasing population 
has been to mass itself more and more in six comparatively small areas, viz., London, 
Lancashire, the West Riding of Yorkshire, StaflTordshire with Birmingham, the 
county of Durham with Newcastle, Tynemouth, and Middlesbrough, and, lastly, 
Glamorgan. 

Of these six localities Glamorgan only is shown by the Preliminary Report of 
the Census of 1891 to he gaming on the rest of the country as fast as ever. The 
rate of gain on the part of the Durham district, Lancashire, the West Riding, 
and the Staflbrdshire district shows so great a decline that it seems likely to dis- 
appear entirely before long. The gain of London has also somewhat diminished, 
but is still very great if all the suburban country be included. 



748 


eepoiiT'^1891. 


Tlie diminutioii of loss which counterbalances this diminution of gain is spread 
over the rest of England. It is greatest in the south-western counties. 

Trustworthy statistics as to the comparative growth of urban and rural popula- 
tion, or of large and small towns, seem scarcely obtainable ; but there seems no 
reason to suppose there is any great change in the prevailing tendencies with regard 
to either of these matters. 

The diminishing gain of the manufacturing districts may result from some 
check being received by the tendency of this country to become weaver and black- 
smith for the whole world, or from the proportionate decline which, in the progress 
of civilisation, inevitably overtakes the industries which supply the necessaries of 
life as compared with those which supply its conveniences and amusements. 
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Section G,— MECHANICAL SCIENCE. 
Pbesident of the Section— T. Fobster Brown, Esq., M.Inst.C.E. 


THURSDAY, A UGUST 20 . 

The President delivered the followings Address:— 

I FEEL extremely diffident in assuming: the Presidential Chair of Section G at the 
present meeting of the British Association. 

The addresses of my eminent predecessors have, year by year, in the best 
language, and in the most condensed form, gauged the progress of, and indicated 
the direction in which, further improvements in mechanical science may be looked 
for. In so large a field as that of mechanical engineering my somewhat limited 
knowledge will not admit of my following very closely in their footsteps ; but 
possibly, by tracing tlie modern practice of this branch as applied to mining opera- 
tions in Groat Britain, I may be able to submit some points of interest to mechanical 
engineers. 

Great progress has been made in mechanical science since the British Associa- 
tion met in the Principality of Wales eleven years ago ; and some of the results 
of that progress are exemplified in our locomotives, marine engineering, and in such 
works as the Severn Tunnel, the Forth and Tay Bridges, and the Manchester Ship 
Canal, which is now in progress of construction. 

In mining, the progress has been slow, and it is a remarkable fact that, with 
the exception of pumping, the machinery in use in connection with mining opera- 
tions in Great Britain has not, in regard to economy, advanced so rapidly as has 
been the case in our manufactures and marine. 

This is probably due, in metalliferous mining, to the uncertain nature of the 
mineral deposits not affording any adequate security to adventurers that the 
increased cost of adopting improved appliances will be reimbursed ; whilst in coal 
mining, the cheapness of fuel, the large proportion which manual labour bears to 
the total cost of producing coal, and the necessity for producing large outputs with 
the simplest appliances, explain, in some measure, the reluctance with which high- 
pressure-steam compound engines, and other modes embracing the most modern 
and approved types of economising power, have been adopted. 

Metalliferous raining, with the exception of the working of iron ore, is not in 
a prosperous condition owing to causes to which it is unnecessary to refer ; but in 
special localities, where the deposits of minerals are rich and profitable, progress has 
been made within a recent period by the adoption of more economical and efficient 
machinery. 

For example, at the Tiacroft Tin Mine, in Cornwall, a compound winding plant 
has been erected by Messrs. Harvey, of Hayle, of which the following are par- 
ticulars : The high-pressure cylinder is 17 inches in diameter and steam-jacketed, 
and the low-pressure cylinder is 30 inches in diameter, each having a stroke of 
C feet. A condenser is worked by levers off the crosshead of the low-pressure 
^linder. The drum is 8 feet 0 inches in diameter, and of the plain cylindrical type. 
The engine is fitted with steam reversing gear, and an auxiliary steam valve for 
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admitting high-pressure steam to either end of low-pressure cylinder when 
required. The working pressure of steam is 90 Ihs. per square inch. This engine 
has proved so satisfactory that the management of the mine have been induced to 
erect a new horizontal condensing compound air-compressing engine in place of 
their existing plant. This engine will have high- and low-pressure cylinders of 
15^ and 27 inches diameter respectively, by 48-inch stroke, and the air cylinder is 
22 inches in diameter, with an equal stroke, and is fitted with Trestrail’s patent inlet 
and outlet valves, and is arranged for a working pressure of 100 lbs, per square inch. 

At the Greenside Lead Mines, near Ulls water, a waterfall of upwards of 
100 horse-power is now being utilised by means of a turbine to drive dynamos, 
the energy from which is transmitted for the purposes of winding, pumping, and 
lighting ;*and, again, at the Morgan Gold Mines, near Dolgelly, there is a modern 
example of the successful utilisation of water-power for compressed air, and for 
driving forty head of stamps. The water-power for driving the mill is obtained 
from the river Mawddach, and is brought on to a 22-inch turbine, with a 68-feet 
head ; this fall, with 650 cubic feet of water, easily drives the mill, stone breakers, 
&c,, and with 800 cubic feet of water applied, if required, the water-power can be 
raised to 100 horse-power. 

And, as an example of the very large amount of mechanical power applied in 
exceptional circumstances to metalliferous mining operations, the Whicham 
Heomatite Iron Minos, in South Cumberland, may be named, where the quantity of 
water raised from a depth of 552 feet occasionally (‘xceeds 4,800 gallons per minute, 
the machinery employed consisting of — 

Firstly, a*Cornish heara-condensing pumping engine, having a 90-inch diameter 
cylinder by 11-feet stroke, with a 10-feot stroke in the pumps. The beam weighs 
50 tons. There are attached to this engine three pump-rams, each 28 inches in dia- 
meter, fixed at certain points in the shaft, the Dottom ram being fixed 552 feet 
below the surface, from which level the whole of the water is pumped. The quan- 
tity of water delivered per minute is 2,210 gallons. There is also another Cornish 
beam-condensing pumping engine, with a cylinder of 110 inches in diameter by 
11-feet stroke, with a 9-feot stroke in the pumps. This beam weighs 55 tons. 
Attached to this engine are three 60-inch diameter pump-rams forcing from the 
same level as that before mentioned a quantity of 2,295 gallous of water per 
minute. In November and December during heavy floods as much as 4,680 gallons 
have been pumped from this mine per minute by these two engines. 

The average consumption of coal by these engines is equal to about 4 lbs, per 
indicated horse-power. 

There is another engine erected at this mine which is kept in reserve in tho 
event of anything happening to either of the two other engines which I have 
described, viz., a tandem horizontal compound condensing pumping engine, having 
a 40-inch high pressure, and a 70-inch low pressure cylinder by i)-feet stroke. This 
engine is fitted with Davey’s differential valve gearing. There is attached to this 
engine two 24-inch diameter pump-rams fixed at a point 672 feet below the surface. 
These pumps are capable of dealing with 280 gallons of water with each str^lce of 
the engine, and the maximum speed is seven stroke-s per minute, which represents, 
therefore, 1,960 gallons of water per minute. Provision is made with this en<^iiie 
to extend the pumps to a lower level when necessary. 

The weight of the pumps and pipes connected with these engines is about 
250 tons. 

In the raising of coal from our mines and placing it on hoard ship in our 
docks, there is a vast amount of machinery employed, much of which is now of an 
obsolete type. Where, however, new winnings have been made, or where in old 
mines it has been found necessary to replace the old machinery by new, the ques- 
tion of efficiency and, at the same time, economy in machinery has of late years 
received serious attention. 

The consideration of the question of economy in the employment of steam in 
coal-mining operations has resulted in boilers of the most modern construction 
being erected, working to pressures varying from 80 to 150 lbs. per square inch, as, 
Compared with pressures varying from 40 to 60 lbs. per square inch in the old 
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boilers^ whilst the various engines are now being constructed on the most modem 
and improved principle. 

Compressed air has for many years been used extensively in our coal mines as 
a motive power. Electricity also has made rapid strides in the same direction ; 
and I have no doubt that, in conjunction with a better type of machinery for the 
compression and use of air, will eventually become the principal agent in undei> 
ground mechanical operations. 

Many large electrical installations have already been in use for a considerable 
period. Notably amongst the number 1 may mention that at Messrs. Locke 
& Co/s St. John’s Colliery, Normanton, where both hauling on the endless-rope 
system and pumping are very largely adopted, and it has been proved that a useful 
effect equal to 65 per cent, can be obtained. This high rate of efficiency is un- 
doubtedly very satisfactory. I am, however, of opinion that there is still great 
room for improvement in electrical plant before it will be adopted in preference to 
other machinery now in general use, especially in gaseous mines, and these im- 
provements must embrace a certain means of rendering sparking absolutely harmless 
under all conditions, for it involves not only the question of the increased effi- 
ciency of one class of machinery over another, hut also the protection of human life. 

Tliere must also be devised a ready means of reversing the power, so that the 
system of haulage known as the main-and-tail-rope system can ho applied with 
equal safety and readiness in any part, as compared with absolute safety in the use 
of compressed air. 

An electrical hauling plant to bo worked on this system (which I am sure will 
be watched with very great interest) is now erected at one of the Plymouth 
collieries in this district, by an eminent firm of electricians, as a trial and demon- 
stration of what can be done in this direction. This will comprise, when fully com- 
plete, a generating plant at the top of the pit, and two electrically -driven hauling- 
engines underground, connected by a suitable cable carried down the shaft and along 
the roadway for some l,i20() yards. 

The generating plant and one haiiling-engine are now erected, and the other 
hauling-engiiie will shortly be ready. 

The generating plant consists of a 40 horse-power compound engine working at 
110 revolutions per minute ; this engine drives by belt a specially constructed 
dynamo, which is of a horizontal pattern, built on a wrougbt-iron girder bed plate. 
It is compound wound, and capable of giving off 160 amperes with 500 volts 
pressure, running at 500 revolutions per minute. 

The cable, which is 3,200 yards in length, is made of 37 strands of No. 14 
high conductivity copper-wire, highly insulated with vulcanised bitumen, double- 
taped, and surrounded with two layers of jute yarn compounded between each, 
and is protected by a double sheath of No. 8 steel-wire. It is of sufficient size to 
carry the necessary current, and in case of falls of roof it has been constructed so 
that it will stand a shearing strain of 10 tons per square inch. 

The hauling-engine consists of two drums, each fitted with a clutch and foot- 
brake. The drum-shaft is driven from a counter-shaft by spur gearing, and this 
counter-shaft is driven from the motor by six ropes 1 inch in diameter. 

The motor is a sliunt-wound machine, built to run at 600 revolutions per 
minute, and works with 80 amperes at 450 volts, and is able to take IGO amperes 
without harm at starting. The whole engine is mounted on a wrought-iron bed- 
frame. The motor will be reversed by a specially-designed switch, the efficiency 
of which has yet to be proved. The useful effect of this plant, when working at 
full power, is expected to be from 60 to 65 per cent. 

Possibly the leather-belting and ropes used for transmitting the power from the 
motor to the hauling-drums or pumps, might with advantage be replaced by some- 
thing less liable to be damaged by the rough usage and other contingencies usually 
met with underground. 

As I have previously mentioned, compressed air is another motive power very 
largely used in coal-mining, it being not ont^ absolutely safe in explosive atmospheres, 
but tends to reduce any danger which might exist from sudden outbursts of ^as 
by assisting the ventilation. This may be considered as rather an expenmvA 
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means of assisting ventilation ; but it is very seldom that tbe air is used direct from 
the mains for this purpose. A very interesting paper was read at the Newcastle- 
upon-Tyne Meeting of this Association, in 188t), by Professor Alex. B. W. 
Kepnedy, on the experiments he had made in Paris upon the transmission of power 
by compressed air, in which he states that an indicated efficiency of 31 per cent, 
can be got from cold air, and 45 per cent, from air which has been heated after 
compression. It is very doubtful, however, if in any compressed-air installation 
used in coal-mining there is more than 30 per cent, of useful effect obtained j in 
many instances it is much less, as it is impossible in almost every case to heat the 
air after it has passed into the mine ; and another source of loss is due to leakage, 
caused in a great measure by the occasional upheaval of the ground disturbing the 
pipes. It is thus obvious that compressed nil* is more costly tlian electricity ; but 
up to the present time it is tbe only absolutely safe power which is capable of 
being conveyed long distances underground in mines giving off fire-damp. 

A very large compressing plant has quite recently been erected in this district, 
and another will very shortly be installed ; this latter will consist of two pairs of 
tandem compound steam-engines, each pair having two high-pressure cylinders 22 
inches in diameter, and two low-pressure cylinders each 40 inches in diameter, by 
6-feet stroke. The air cylinders are 34 inches in diameter, one being placed behind 
each low-pressure cylinder. Each high-pressure cylinder is provided with variable 
expansion valves, which can he adjusted whilst the engines are working. The 
inaependent condensing apparatiis consists of a pair of engines having 10-inch 
diameter cylindeivS, and 20-iach diameter air-pumps, by 2-feet 6-iiich stroke, and 
are so arranged that they can he worked together as a pair, or as single engines 
and condensers. 

The pressure of steam at the boilers will be 160 lbs. per square inch, so that a 
high degree of expansion may be obtained, and iis the inlet and outlet valves of the 
air-cylinders are of large area, and are perfectly free to act in sympathy with the 
pistons in the air-cylinders, it is only reasonable to expect the highest degree of 
efficiency which can be obtained from steam-power applied to compressing air. 
Each pair of air-compressing engines will be capable of developing at least 800 
horse-powor, or a total of 1,000 indicated horse-power in the installation. 

No provision has been made in this plant for compounding the air-cylinders 
or the motors; but it has been pointed out by Profe.ssor Elliott, of the Cardiff 
University, in a very interesting and able paper read before the South Wales 
Institute of Engineers, that great economy will result in compounding the air and 
motors. Professor Elliott estimates the extra efficiency, under certain conditions 
of high pressure, as upward.s of 11 per cent. Further investigation in regard to 
defining the relative economy of using high- and low-pressed air for underground 
mining operations, and the relative cost of the plant adapted for the production 
and application of each, is required before it can be definitely decided that air of 
a pressure above four atmospheres, but with air-cylinders and motors compounded, 
will result in real economy. It appears on the first blush as if we might look in 
the direction indicated to secure a material increase in the effective power obtain- 
able from compressed air. 

In some of our coal fields very hard seams or veins of coal are met with, and 
various kinds of machinery have been devised to assist the coal hewer in severing 
the coal from the solid strata, and electrical appliances have in this class of 
machinery been more or les-s successful. It appears to me, however, that there is 
a want of simplicity about the majority of the machines which have come under 
my notice, which will operate against their general adoption. 

In the conveyance of coal underground, from the face of the workings where it 
is loaded into the trams by the workmen, to the bottom of the shaft, several systems 
of haulage are adopted, either worked direct by steam-power, compressed air, or 
electrical motors, the principal of which are known as the endless-rope, main-and- 
tail-rope, and main-rope systems. The two former systems are used where the 
ground is either level or undulating, and wliere power has to be applied to haul 
the trams or tubs in both directions, and the latter system is generally used where 
there is a gradient in one direction, sufficient to allow the trams or tubs to run by 
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graTitatioD, and haul the rope after them. The cost of the conveyance o^ coal 
underground is a very considerable item in South Wales, probably amounting to 
600,000/. to 700,000/. per annum, and consequently has caused great attention to 
be given to the subject. It has been found that the endless-rox^e system, where it 
can be conveniently applied, is the cheapest. This system, liov^ever, necessitates 
the laying and maintaining of either a double line of rails, or frequent passing 
points or loops, and as the nature of the strata does not always admit of the roads 
fcing made and maintained wide enough for this to be done, the main-and-tail 
system, which requires a single line of rails only, has in that event to be adopted. 
The distance to which some of these haulage systems extend is very great (in some 
cases exceeding three miles); and, having regard to the large quantities which have 
to be conveyed by mechanical haulage in single collieries, in many instances 1,000 
to 1,500 tons of coal in ten hours, very good and powerful machinery is required, 
and it is not unusual to have engines of 600 indicated horse-power placed under- 
ground for this purpose. In other cases where the coal is brought from several 
districts to the bottom of the shafts, smaller engines are used. For endless-rope 
haulage, the spe^d at which the trams or tubs travel is from two to six miles per 
hour, as against from ten to twenty miles per hour by the inain-and-tail system ; 
thus there is much greater wear and tear in the latter than in the former. The 
type of engine usually adopted for this work varies considerably according to cir- 
cumstances, and the ideas of the engineer by whom the work is planned. They 
are, however, invariably horizontal, and 6tted with a second motion shaft, on which 
the hauling drums are arranged. There is still a large number of horses employed 
underground, at very great cost, principally to collect the trams from the colliers 
and convey them to the station, from which point the engdue hauls them, and it is 
to this cla^ of haulage that I would particularly direct the attention of mechanical 
engineers. What is required is an absolutely safe and simple means of light haul- 
age, made as jiortable as possible, so that it can be readily moved from one position 
to another, as circumstances may require, and arranged so as to replace the horses. 

Thus the coal is brought to the bottom of the shaft, and thence up the shaft by 
means of the winding engine. This class of engine has of late years been very 
materially improved ; instead of the low-pressure vertical-beam condensing engine, 
which was so commonly in use many years ago, and some of which are still in 
existence, we have now the high-pressure compound condensing engine, working 
with a boiler pressure varying from 80 to 160 lbs. per square inch. Some of our 
winding engines are very powerful and run at very high velocities. This will be 
the more readily understood from the fact that, at some pits, the carriages on which 
the coal is raised in the shaft attain a speed equal to from forty to forty-five miles 
per hour, and the dead load lifted is as great as twenty tons each lift. A few of the 
leading sizes of a large pair of winding engines now in use at one of the collieries 
in this district may bo mentioned. The engines are vertical, with inverted 
cylinders of 54 inches in diameter, and admit of a 7-feet stroke ; the cylinders are 
steam-jacketed, and the valves double-beat, placed in pairs in nozzle-boxes, fixed 
to the port-branches at the top and bottom of each cylinder. The valves are 
worked by the ordinary rocking lifters, to which is added, for the steam valves, 
the simple triple expansion gear first introduced by Mr. Barclay, of Kilmarnock. 
The cylinders are supported by double A frames of cast iron, fixed to heavy cast- 
iron bedplates, to which also is attached the main shaft plummer-blocks. The 
winding-drum is of the conical type, graduating from 16 feet to 32 feet, and is 
made of steel plates and ribs and cast-iron centres. The total weight of the 
drum, drum-shaft, and the engine-cranks, and one rope, exceeds 100 tons. The 
engine is fitted with a powerful steam brake, and also a self-acting reversing gear, 
which reversing gear also applies the steam brake, in case of an^ neglect on the 
part of the engine-man. There is also being built, for a colliery in this coalfield, 
a pair of large compound condensing winding engines, by Messrs. Fowler, of Leeds, 
which will embrace all the latest improvements. They will consist of a pair c f 
horizontal compound winding engines fitted with condensers ; the high-pressure 
cylinder, being 82 inches in diameter by 6-feet stroke, will actuate one crank, 
whilst the low-pressure cylinder, 48 inches in diameter by 6-feet stroke, will actuate 
1891. 3 C 
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the other crank ; both cylinders are fitted 'wdth Cornish valves, and on the high- 
pressure cylinder there is fitted automatic variable expansion, worked by a governor, 
and the initial pressure of steam will be 160 lbs. per square inch. This engine will 
be fitted with a plain cylindrical drum, 18 feet in diameter, and a balance rope will 
be attached to the underside of the carriages, so that everything will be in perfect 
balance. 

Between the high- and low-pressure cylinders is a receiver on which is fixed a 
valve arrangement, hy which the steam can be expanded out of the receiver, or 
live steam can be admitted into it. This arrangement greatly facilitates the ease 
of starting the engines. 

As it IS intended to raise the load from the bottom to the top of the shaft in 
forty seconds, and as, during part of each lift, the speed will probably get up to 
5,6(K) feet per minute, the engines at that time will probably indicate 1,600 
horse-power. 

Mechanical ventilation, by exhausting tlie air, has almost entirely superseded 
the furnace ventilation in general use many years ago, and which created a current 
by heat. There are many types of fans ; the best known are the ^ Schiele,’ 
^ Guihal,’ and * Waddell.’ Some very large fans are now in use, and at the present 
time the large quantity of 600,000 cubic feet of air per minute is capable of being 
passed through one of the mines in this district by a * Schiele ’ fan, with a water- 
gauge of 4 inches. A very exhaustive series of trials is being mad(‘ by a committee 
appointed by the North of England Institute of Engineers, which I have no doubt 
will bring to light many interesting features in the various type's of fans in general 
use, and indicate accurately the relative economic values of e'ach. 

Some of our coal mines are very heavily watered, and this involves large and 
costly pumping machinery, which takes various forms, the most generally used of 
which is perhaps the old-fashioned but economical Cornish vertical condensing 
steam engine, which, with its heavy rods and pumps, occupies a considerable 
portion of the room in the shaft. In recent years, however, there has been a ten- 
dency to ap])ly the direct-acting forcing engine, fixed at the bottom of the shaft, of 
which there are various forms ; and still more recently, pumps, worked by electrical 
power, are being brought into use, and in underground workings far away from the 
shafts this power seems eminently suitable, as the work in pumping required can be 
so regulated as to be constant, thereby reducing the risk of danger from sparking. 

Many excellent form.s of direct-acting pumping engines have been designed, the 
most economical being the compound condensing direct-acting ram-pump, which 
takes up little space. Perhaps the worst feature in adopting direct-acting pumps 
is the fact that steam must be conveyed down the shaft, which means a certain 
loss by condensation ; a lovss which can, however, be very materially reduced by 
having the steam pipe.s properly protected from exposure by suitable coverings. 
The steam and water pipes for this type of pump take up much less- pit room than 
those of the Cornish pump, and this is of very great moment where the area of the 
shafts is limited. 

A type of pump which has been adopted in some of our northern mines, and 
which I should like to notice, is the hydraulic pump patented by Mr. Joseph 
Moore, C.E., of Glasgow. 

The object of this invention is attained by means of hydraulic pressure, and one 
of the prominent advantages gained, is that it enables the steam engine, which 
generates the power, to be placed on the surface, and near to the boilers, thus ob- 
viating the loss due to the condensation of steam when conveyed great distances. 
To the steam engine on the surface is attached a double-acting power ram, of the 
ordinary type, and there are also similar power rams attached to the pump under- 
ground ; these rams are connected to each other by small pipes, filled witli water, 
which, when under pressure, convey the reciprocating motion of the engine on 
the surface to the pump underground. 

Another type of pumping engine now largely used in mining is that manu- 
factured by Messrs. Iiathom, Davey, & Co., of Leeds ; a notable instance of this 
type of engine is at Bradley, in Staftbrdshire, where one engine raises 4,000,000 
gallons a day, a height of 490 feet. The chief improvements introduced in these 
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engines of late years have been the trip gear, by means of which the steam 
communication between the high- and low-pressure cylinders is automatically 
stopped in case of accident, and the consequent cushioning of the steam in the high 
pressure cylinder brings the engine gradually to rest without shock ; and also the 
pausing gear, by means of which a definite interval between the strokes is obtained, 
in heavy lifts, this is of great advantage, by giving time for the valves to settle 
down to their seats at the end of each stroke, which minimises wear and tear, and 
it also enables the engine, when running at one or two strokes a minute, to make 
a brisk stroke and then pause, thus obviating the disadvantage of water slipping 
back through the valves, which is always the case when an engine makes a very 
slow stroke. 

Another type of engine, which is increasing in favour, is the hydraulic engine 
at the bottom of the shaft, actuated by a steam engine at tlie top, on a similar 
principle to that introduced many years ago by Ijord Armstrong for working the 
machinery in docks. Tins system possesses the advantage of occupying the 
minimum of space either at the pit top or in the shaft, and the power can be ap- 
plied at any point in the pit without the inconvenience which attends the actua- 
tion of pumps by spear rods at any other point than at the bottom of the shaft. A 
plant of this kind has been working at Marseilles for some years, raising 1,700 
gallons per minute fill feet high, with an accumulator pressure of forty-two atmo- 
spheres. 

On leaving the carriage the trams of coal are weighed, and the coal is then 
tipped on to the screen, where it is cleaned and divided into the necessary number 
or saleable sizes (which is usually regulated by the quality of the coalj, and then 
placed in the trucks for transportation.' Considerable improvements have recently 
been made in our screening apparatus, which is probably due, partly to the 
increased proportion of dirt or dross found in some of the seams now worked, 
and partly to the necessity of having a more improved and effective apparatus, 
having regard to the increased cost of working the coal, and consequently to its 
increased valu(\ The improvements in this direction have taken the form chiefly 
of travelling belts, moving at a slow speed in lieu of the ordinary falling screen. 

At the docks also, the machinery for placing the coal on board ship has been 
greatly improved, so as to prevent breakage, one of the most recent improvements 
being the movable tip, which can he adjusted to suit the varying sizes of ships. 
Some of these tips are made on the principle of the jib crane, the coal being tipped 
from the truck into large iron boxes, which are lowered into the ship’s hold, and 
the coal dropped out of rhe bottom of the box. Others are fitted with what might 
be termed an auxiliary crane, by which the coal is lowered in boxes into the ship’s 
hold, the truck being, first of all, placed on a cradle, which is raised by hydraulic 
rams to the necessary height, when it is tipped to such an angle as to cause the 
coal to run out of the truck through a shoot, extending over the ship’s hatchway, into 
what is termed the anti-breakage box. The box being filled is then lowered into 
the ship’s hold, but its use is discontinued as soon as a sufficient quantity of coal 
has been loaded to form a cone sufficiently large to prevent further breakage. The 
anti-breakage box is then swung out of the way, ana the coal allowed to slide from 
the shoot on to the cone, and into the hold where it is trimmed into position. _ 

Summarising the position of mechanical science, as applied to our coal-mining 
industry in this country, it may be observed, that there is a general awakening 
to the necessity of adopting, in tlie newer and deeper mines, more economicjd 
appliances. 

It is true that it would be impracticable, and probably unwise, to alter much of 
the existing machinery, but, by the adoption of the best -known types of electrical 

E lant, and air compression in our new and deep mines, the consumption of coal per 
orse-power would be reduced, and the extra expense, due to natural causes, of 
producing minerals from greater depths would be substantially lessened. The 
consumption of coal at the collieries in Great Britain alone probably exceeds 
10,000,000 tons per annum, and the consumption per horse-power is probably not 
less than 6 lbs. of coal, and it is not unreasonable to assume that, by the adoption 
of more efficient machinery than is at present in general use, at least one-half of the 
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coal consumed could l)e saved. There is, therefore, in the mines of Great Britain 
alone a wide and lucrative field for the inventive ingenuity of mechanical engineers 
in economising fuel, and especially in the successful application of new methods for 
dealing with underground haulage, in the inner workings of our collieries, more 
especially in South Wales, where the number of horses^till employed is very large. 

Leaving the subject of mining, I may observe that considerable progress has 
within recent years been made in the mechanical appliances intended to replace 
horses on our public tram lines. The steam engine now in use in some of our towns 
has its drawbacks as well as its good qualities, as also has the endless-rope haulage, 
and in the case of the latter system, anxiety must be felt when the ropes show signs 
of wear. The electrically-driven trams appear to work well. I ha^e not, however, 
seen any published data bearing on the relative cost per mile of these several 
systems, and this information, wlien obtained, will be of interest. 

At the present time, I understand, exhaustive trials are being made with an 
ammonia gas engine, which, it is anticipated, will prove both more economical and 
efficient than horses for tram roads. The gas is said to bo produced from the pure 
ammonia, obtained by distillation from commercial ammonia, and is given ofi 
at a pressure varying from 100 to 150 lbs. per square inch. This ammonia is used 
in specially-constructed engines, and is then exhausted into a tank containing water, 
•which brings it back into its original form of commercial ammonia, ready for re- 
distillation, and, it is stated, with a comparatively small loss. 

Much attention in modern times has been given to the relative values of the 
numerous new explosives, which have been introduced for blasting in mines and 
for other purposes. Sir Frederick Abel is the greatest authority upon this subject. 
As applied to mining, various experiments have from time to time been made for 
the purpose of testing how far it would bo safe to employ these explosives in the 
atmosphere of a coal mine without the risk of causing an explosion of fire-damp. 
A number of these are mainly composed of compounds of nitro-glycerine with 
aluminous earth. But, whilst the experiments have indicated that, with rare 
exceptions, they are practicallv tlameless, it is undoubted that one which would be 
absolutely so, and which could be used with safety in fiery mines, has yet to be 
produced. 

The adoption in our gaseous mines of a flameless explosive, a self-contained 
electric lamp of moderate weight which will burn without attention for twelve 
hours, and the general application of water to moisten the dust, are all more or 
less questions in which the mechanical engineer is interested, and, when adopted, 
will probably have the effect of putting an end to the disastrous explosions 
accompanied by loss of life wliich occur at intervals in our fiery collieries, and I 
trust tnat the deliberations of this Section may result in the practical adoption of 
steps to secure this desirable object. 

In conclusion, as an inhabitant of Cardiff, I may be permitted to congratulate 
this port on this, the first visit of the British Association. Its rising import- 
ance is becoming generally lecognised, and, since the last visit of the British 
Association to the Principality, material progress has been made. Lord Bute has 
constructed a large dock of 3d acres at Cardiff, and a still larger dock of nearly 70 
acres has been constructed at Barry within the port of Cardiff. The tonnage of 
shipping cleared at the port has increased during the past eleven years 91 per 
cent. Various new industries have been established here, notably, the manufacture 
of bfematite iron for steel making, on a large scales by the Bowlais Iron Company ; 
and the exportation of coal has increased from 5,802,349 tons in 1880 to 12,250,052 
tons in 1890, or 109 per cent. At Swansea the manufacture of tin plates, which 
is one of the leading industries of the western part of this country, has increased 
from 26,343 tons to 229,791 tons in 1890; and the trade at the neighbouring port 
of Newport has also materially developed, all showing a rapid progressive develop- 
ment of the large resources of South Wales. 

I trust that only a short interval will elapse before we are honoured with 
another visit of the British Association, and that it will be the good fortune of 
the President, who may have the honour of occupying this chair on that occasion, 
to chronicle similar progress. 
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The following Report and Papers were read : — 

1. Uejport of ihe Eduaries Gommittee. See Reports, p. 38G. 


2. The Ystradyfodiog and Pontypridd Main Seiberage, 
By G. Chattekton. 


3. The River ITsh, and the Harhour of Newport. By L. F. TEnNON-HABCOURT, 
M.A.j M.lnst.C.E.^ Engineer to the Newport Harbour Commission. 

The river Usk rises on the western border of Brecknockshire, and, traversing 
this county and Moniiionthshire, it flows into the Bristol Channel, about 4 
miles below Newport, after a course of 65 miles. Its basin is 034 sq[iiare miles ; 
and the Afon Llwycl joins it at Caerleon, and tlie Ebbw near its mouth. The com- 
mercial importance of the Usk commences below Newport Bridge, about 6 miles 
from its mouth; and wharves extend along the right bank for miles below the 
bridge, and the vessels lying at the wharves rest, at low tide, on the soft mud 
covering specially levelled berths. The Newport and Alexandra Docks also afford 
floating accommodation for large vessels on the western side of the river, on which 
side the town of Newport is mainly situated. These docks have water areas of 11^ 
and 284 acres respectively, and the dej)th of water o\er tlie sills of their entrances, 
at spring tides, is 30 and 35 feet. A large extension of the Alexandra Dock, and 
a new entrance lower down the river, are approaching completion. The quays are 
supplied vrith coal tips, sidings, and hydraulic appliances; and the docks and 
wharves arc connected by railway with the mines and works in the neighbouring 
district. The ca.stern side of the river is almost wholly undeveloped ; but roads 
are being made, and the East Usk Railway lias been authorised, which will give 
facilities for trade, and should lead to the extension of the port along the left bank. 
The portion of the river constituting the harbour of Newport is very winding; and 
though it increases considerably in width between the bridge and its mouth, thus 
favouring tlie tidal influx, the enlargement is not uniform, which causes changes 
in the velocity of the current, and promotes deposit in the channel wliere the cross 
section is excessive. Moreover, the bends of the river make the flow and ebb, 
coming in opposite directions, form channels on opposite sides of the river between 
the bends, leading to the growth of a central sandbank between these side channels. 
Besides these central shoals of sand and silt, readily formed in a river densely 
charged witli material in suspension, there are some hard natural shoals of clay and 
stones, and also shoals at the confluence of tributaries, formed of detritus and 
refuse from works, brought down by the current in flood-time, and deposited in 
the Usk. The great tidal rise of the Usk, amounting to 34 feet at the bridge and 
40 feet at the mouth at the top of springs, and 14 and 16} feet respectively at 
neaps, has hitherto enabled New port to maintain a large and increasing sea-going 
trade, in spite of the deficiencies mentioned above. (/Oinparative cross sections of 
the river, taken in 1884 and 1800, have shown, however, that accretion is taking 
place in the river, and gradually reducing its depth, whilst the draft of vessels 
tends to increase. Accordingly the Commissioners have decided, on the advice of 
ihe author, to dredge a channel across these shoals, so as to form an adequately 
wide navigable channel, not less than from 24 to 26 feet deep at high water of 
the lowest neap tide, down to the Alexandra Dock entrance, and 26 feet deep (or 
2 feet lower than the lowest dock sill) from this point to the mouth of the river. 
These works, involving the removal of over 800,000 cubic yards of material from the 
bed of the river, will meet the present requirements of the port; and further 
improvements can be gradually carried out iu conjunction with the work of 
maintenance, as circumstances may render expedient. The formation of this 
improved channel will lower the low-water line, and regulate its fall, which at 
present is not uniform, and thus increase the tidal capacity of the river, and im- 
prove the scour of the current. In order to render the flow of the river more 
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uniform, to stop the erosion of the hanks, to reduce the rate of accretion, and to 
aid the development of the left side of the river, regulation works have been pro- 
posed at certain places where the width of the river is excessive. By these 
works, the Harbour Commissioners will give to Newport and the surrounding 
mineral districts similar advantages to those which have been conferred, by more 
extensive works, upon other river ports less favoured by nature, will aid in pro- 
moting that growth of trade which Newport has enjoyed during the last thirty 
years, and will prevent the diversion of traffic which an irregular channel of 
occasionally inadequate depth would sooner or later produce. 


4. On Mechanical Ventilation and Heating of Buildings. By W. Key. 


FRIDAY, AUGUST 21. 

The following Papers -were read : — • 

1. On the Channel Tabular Bailwnif. 

By Sir Edward Reed, K.G.B., M.P., RE.S. 

After referring to former proposals for establishing railway communication 
between England and France, and stating that the Channel Tunnel scheme of 
Sir Edward AVatkin providi'd for taking the traffic far below the bed of the 
Channel at its deepest part, thus lengthening the underground route, and adding 
to the worldng charges as compared with a tubular railway, the author said 
that it was desirable in the first place to make plain the nature of the Channel 
bed which it was designed to traverse. He stated that for several miles out from 
the English Coast the Channel, on the lino selected by him, was only about 90 feet 
deep, and, although it gradually sloped down to double that depth farther ou, 
nowhere exceeded a depth of 180 feet, from which depth it gradually sloped up to 
the French shore. In no place is the gradient even one-lialf that of the Severn 
tunnel ; in fact the change of level is^mall and so gradual as to be almost imper- 
ceptible upon any true-scale diagram of moderate dimensions. * Here, then, we 
have,’ the author said, ^ an almost level stretch of ground of over twenty miles in 
length to be traversed by a railway, and, if it were dry, no mortal man would 
ever dream of tunnelling underneath it in order to construct a railway, nor would 
anyone be so insane as to propo.se to build a viaduct or series of bridges 500 feet 
high across it.’ The railway would in that casi', of course, bo laid along the 
ground, as it is laid over any other stretch of level country. The presence of the 
sea simply renders it necessary to make the railway a closed instead of an open 
one, to secure it against being moved by the tidal waters, and to provide its proper 
ventilation. To provide a closed railway, metallic tubes are employed — one for 
each line of rails — and to make the structure durable, all the essential parts are 
carefully imbedded in good Portland cement. The two tubes are set at a distance 
apart, and connected by partial webs, so as to combine the two into a huge hori- 
zontal girder of unprecedented strength. Tliis device is adopted in order to make 
each length of the tube structure (which is on the whole to be slightly buoyant) 
strong enough to withstand the force of the tide when one end of it is carried to 
the bottom, the other end being left emerging from the surface by virtue of the 
surplus buoyancy. To this emerged end is brought and connected afloat another 
floating structure which is to serve as a pier (when it is subsequently sunk to the 
bottom), and beyond this floating pier the next length of the tube is brought and 
connected by lar^e cast-steel binge-like joints. The pier is then sunk by suitable 
appliances, carrying down with it the second end of the first of the tubes just men- 
tioned, and also the first end of the second length of tube. In this manner the 
tube is paid out length by length like the links of a huge cable, the junction of 
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the successive tubes and piers being effected from within the tubes already laid, 
which are in direct railway communication with the shore. The author pointed 
out that the necessity which drives us to the use of water-tight tubes for our pur- 
pose is incidentally attended by enormous advantages, enabling us to build our 
structures in the ordinary shipbuilding and engineering establishments of the 
country, and tow them to their places, thus avoiding the cost, difficulty, delay, and 
danger of doing our construction work at the bottom of the sea. The piers will 
stand upon and be pressed into the bottom where the consistency of the bottom 
admits of this, but the tubes themselves will not lie upon the sea-bed, but will 
stretch from pier to pier, striding over the minor inequalities of the bottom, and 
allowing the tidal water to pass both below and above it. The estimated cost of 
the work (which depends somewhat upon details to be determined by close survey) 
is from twelve to fifteen millions sterling for the whole distance between England 
and France, which the author regarded as small by comparison of the cost of such 
bridges as the Forth Bridge, which cost over three millions sterling for bridging 
6,700 feet of water, the tubular railway being 120,000 feet long. The ventilation 
will bo an easy matter, seeing that all the trains passing through either tube will 
move in one direction, and act somewhat as pistons for forcing out air, the effect 
being increased by throwing out wings from the train so as to make it fit the 
interior of the tube more approximately. The author intimated that electric 
engines will probably be u^^ed, but, if not, and if further ventilation be needed, any 
one or more of the piers can he fitted with ventilating machinery for forcing the 
deteriorated air out through suitable chambers and non-return valves into the sea. 
As regards the question of national security, the; author pointed out that the oppo- 
sition to the Channel Tunnel had arisen from the fact that it provided a subter- 
ranean road, inaccessible to, and therefore indestructible by, the Navy ; whereas 
the tubular railway could be pierced, and have the sea admitted to it, either by 
gun-fire at the shore ends, or by dynamite or torpedoes at every point of its length, 
lie concluded by stating that a great many members of Parliament, who always 
strongly oppose the Channel Tunnel, are quite in favour of his system, and among 
these are several of such great influence that he has little fear of his Bill being 
successfully opposed in eitlier House of Parliament. 


2. Petroleum Oil-engines, Py Professor Will/aji Robinsox, 

M,Inst.G,E. 

Tlie UvSe of ordinary petroleum oil at once as fuel and working agent in the 
internal combustion engine has extended rapi<IIy since the successful introduction 
of the oil engine by Messrs. Priestmaii Brothers in 1888. 

Hitherto, for largo engines above 40 horse -power, the heavy intermediate oils 
have been converted into gas by means of a gas-producer ^ and this oil-gas takes, 
the place of coal-gas in the ordinary gas-engine cylinder. Now, instead of the gas- 
producer we find in one class of oil-cmjiuc a retort, spiral coil of tubing or other 
vaporiser, in which the oil is heated and converted into vapour by a lamp or oil- 
burner. A mixture of this vapour and air is drawn into the cylinder, and the 
charge is compressed before ignition— - the cytde of operations in the engine cylinder 
being usually that of Beau de Rochas, as in the well-known Otto gas-engine. For 
instance, Messrs. Cro.ssloy Brothers are making an oil-engine in which a lamp 
performs the twofold function ; first, to lieat and evaporate the oil in a retort, and 
second, to heat the tube-igniter, which is timed by a valve similar to that in their 
gas-engines. This lamp has a separate supplj^ of oil given to it by a pump and a 
current of air from an air-pump. The defiails of this and several other attempts 
at workable engines of this class are still in the transition stage. 

Again, in the petroleum spirit-engine there are many air-carburetting devices to 
evaporate the highly volatile hydro-carbons which make up the lighter products of 
petroleum, such as benzoline and gasoline. The terrible danger and risk in the 
storage of these light oils prohibit their common use for this purpose. 

In the Priestman Spray-maker and Vaporiser we have a neat and practical com- 
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hination of these two methods, by means of which a sprayed jet of oil is first broken 
up by compressed air playing on it in the inverted spray-nozzle, then it is further 
mix^ with air, heateci and completely vapoiised by the hot products of combustion 
from exhaust led round this vaporiser or mixing chamber, before being allowed to 
escape. This might be called a regeneratm\ The oil vapour thus thoroughly mixed with 
air in the proj)er proportions is drawn through an automatic suction valve into the 
engine cylinder by the piston in its forward stroke. The action of this spray-^naker 
(shown) will be seen by the following experiment: — First, turn off the air supply and 
a flame does not light the unbroken oil-jet ; next, allow the air under pressure to 
break up and thoroughly spray the oil, the vapour formed is so intimately mixed 
with air tliat it can easily be ignited, and burns with a bright flame. (The draw- 
ings of this spray-maker showed the gov&i'ning arrangement adopted in the 
Priestman engine.) The amount of hydro-carbon is diminished or increased, together 
with the amount of air, so as to form a high explosive charge or a low one, accord- 
ing to the amount of work to be done by the engine. The air through the wing- 
valve is riglitly proportioned to mix with the oil which is allowed through the 
V-sliaped slot cut in the conical plug regulated by the governor. By this means 
there is a regular explosion and impulse, every cycle giving admirable regularity of 
running. (Indicator-cards illustrating this mode of governing with full load and 
running light were shown.) The compressed charge is fired by an intermittent 
electric spark, made to play between ends of two platinum wires in.sulated by 
porcelain in the igniting plug (shown), and connected to an induction coil excited 
by a storage-cell of about two volts, which has been known to work for more than 
1,100 hours. 

The author explained the action in honzontal engines by means of diagrams, 
and gave a short description of a double cylinder vertical launch engines specially 
designed for running at a high speed witli the centre of gravity kept low. Each 
cylinder of launch engine is 7 inches dianu'ter by 7 inches stroke, arranged to give 
an explosion or working stroke every revolution of fly-wheel. The actual horse- 
power at 250 revolutions per minute is 5 7, and 9 1 indicated horse-power. These 
engines are working in n small launch 28 feet from stem to stern by C feet 2 
inches beam, and are giving good re.‘^nlts. Speed 7 miles, and engines work 
with regularity. I’hese engines are now in use on barges in canals, and also for 
deep-sea trawling. The horizontal type is remarkably self-contained, and w'ell 
adapted for isolated electric lighting installations and lighthouse ^^o^k. It is 
used for pumping and liauling in collieries, and for rock-drilling in mines; in 
fact, its sphere of usefulness is rapidly extending, because it is found reliable and 
steady at work, with decided economy of fuel. 

The main object desired in oil-engines is to prevent elogging in the cylinder, 
so that the engine may run without attention or frequent cleaning. This is secured 
by thoroughly mixing the air and vapour, so as always to form an explosive 
mixture which gives complete combustion and clean exhaust. It must be pointed 
out, however, that during the compression of the charge before ignition a con- 
siderable proportion of the vapour comes into contact with the walls of the 
cylinder, condenses on them, and never gets burned, however useful it may he for 
lubrication. This the author has proved by comparing the pressure along the 
compression curves of the indicator diagrams, wilh the pressure obtained by 
experiment from each charge consisting of the explosive mixture *016 cubic inch of 
oil and 101 cubic inches of air at the same temperature. Taking the tempera- 
ture of the charge 170° F. on entering the cylinder, the indicator diagram shows 
tlie highest pressure before ignition only 88 lbs. per square inch. This pressure 
is kept low for fear of much condensation, as well as to give smooth running. 
In the gas-engine we know that compression of the charge before ignition is essen- 
tial to high efficiency, and similar considerations lead one to expect the same to 
hold true for oil-engines. Indeed, by adding fresh air to the charge after leaving 
the vaporiser, and compressing more than usual, greater power or higher efficiency 
is obtained, but the temperature of the cylinder becomes too high for lubrication. 
In some published trials an engine may be run with a special cylinder liner to 
withstand the high temperatures due to high compression used, but these are not 
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the conditions for ordinary ■work. In fact for any particular oil experience must 
decide the degree of compression that gives best results as regards power and 
efficiency consistent with economy and durability of engine. 

The author briefly noticed his investigation of the relation between the pressure 
and temperature of the vapours from different burning oils, intermediate oils, and 
some heavier lubricating oils, in order to throw some light on the action in the 
cylinder of the common oil-engine. At the same time he has tried to find out which 
oils are best adapted for this use. His experiments prove that, notwithstanding the 
complex and varied cliaracter of the difierent oils examined, the law according to 
which the pressure of petroleum vapour varies with its temperature is represented by 
a perfectly regular curve for each oiL He compared these results with the figures 
obtained from the different oils when used in the same engine during special tests 
for the purpose. 

By far the simplest type of oil-engine is that in which the oil is injected 
directly into compressed and heated air in a cartridge which at once acts as vaporiser 
and combustion-chamber. Such an oil-engine is the invention of Mr. H. Akroyd 
Stuart, of Bletcliley, and is now being made by Messrs. Hornsby Sc Sohs, 
Grantham. A novel feature of this engine is that the ordinary gear for firing the 
charge by heated tube, flame, or electric spark is dispensed with altogether, and 
heavy intermediate oil is ignited and completely burned when injected into the 
compressed and heated air in the red-hot vaporiser or cartridge. This chamber is 
heated up at start with a special oil-lamp supplied with air-blast by a small fan, as 
shown in drawings. It was seen by the wall-diagrams that this engine is of the 
simplest design. The working parts are few and siraplt‘, and some details are 
being improved by Messrs. Hornsby & Sons. The oil-cistern is fitted in the base 
of the casting, exposed to ordinary atmospheric pressure, and the oil supply can 
easily be replenished at any time during a run by sliding open the top cover and 
pouring in the oil. 

Every charge of oil is forced, by means of a positive action oil-pump, through a 
thin pipe and simple nozzle into the vaporiser at the proper moment for ignition, 
just after the hot air has been compressed and the piston is on the return stroke. 
The oil supply is regulated by a governor, whilst by using a largo fly-wheel and 
high speed, about 210 revolutions per minute, this engine runs very steadily. The 
author tried a 6 horse-power engine during a run of about three hours, using oil 
of specific gravity *854, and flashing point 220°F., and the consumption was leas 
than a pint per brake horse-power per hour. Even heavier oils might be tried, 
the hot water from the water-jacket going to warm up the heavy oil and keep it 
in a fluid state fit for use in winter. 

The action in the engine-cylinder is here very diflTerent from that in the Priest- 
man, inasmuch as there is an excess of air in the cylinder, and this is compressed 
before the oil is injected. Coiisequenily, the combustion is rapid and will he com- 
plete even wlien heavy oils of great heating power are used. However, since the 
air is dry, and there is no condensation of oil, the cylinder requires independent 
lubrication, ns in the case of the gas-engine. 

A feeling of safety to the public naturally tends to the use of heavy oil, from 
which the lighter constituents have been distilled. The author has found the loss 
in weight of some heavy oils by prolonged heating at low temperatures, keeping 
the oils exposed to the air and allowing free evaporation. Known weights of 
oil were taken in shallow dishes, about three inches across top, and gently heated 
on a sand-bath by a very small steady flame for three hours, the temperature of 
the oil being kept constant. The proportions of volatile constituents present in the 
samples are indicated. 

The terribly explosive character of the hydro-carbons driven oiF at the ordinary 
temperature renders the safe storage of petroleum imperative. Instead of the 
present tank system, Mr. B. H. Thwaite has devised the safety oil-tank. It is 
very much like a gas-tank, the cover-plate being kept in contact with the oil and 
counterbalanced by weights to give only a slight pressure of one or two inches of 
water on the surface of the oil. The frame moves into an annular water seal 
stand-pipe, to draw oif any gas that collects. There is no necessity for the^ 
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introduction of air to allow the tank to he emptied, and as the oil is kept cool, and 
always under pressure, it is impossible for a dangerous explosive mixture to 
accumulate inside the tank. 


Evaporation, 


Name of Sample 

Specific 
Gravity 
at G0°F. 

Constant 

Temperature 

Time of 
Evapora- 
tion 

Percent- 
age Loss 

Total Per- 
centage 
Loss in 3 


(15° 5C.) 

(Centigrade) 

(Hours) 

IIoui-s. 

Broxburn Lighthouse Oil used 

•811 

40 to 45 

1-5 

P63 \ 

6-90 

in Pries tnian Engine. 


60 to 65 

1'5 

5 27 1 

Intermediate Shale Oil 

' -846 

40 to 45 

65 to 75 

1-5 

1-5 

1-12’' 

2 45 ' 

3-57 

Lubricating Oil used in 

00 

40 to 45 

1-5 

1-00 1 

2-96 

Hornsby Akroyd Engine. 


60 to 65 

1-5 

P96 r 



Steam Bath 

3 

12-42 

12-42 



(95) 





3 . On the Jlevolvinif Purifier for the Treatment of Water hy Metallic Iron, 
By W. Anderson, D,C,L,^ F,B,S., M.lnat.G.E. 

After pointing out the advantage of being able to purify in a satisfactory 
manner the water of rivers available for the supply of towns, the paper proceeds 
to relate some of the recent experiences of the system first introduced at Antwerp 
some 7 years ago. Practical working in several places has shown that satisfactory 
purification can be obtained after treatment with iron at a much greater rate of 
nitration and through a thinner layer of sand than in ordinary filtering arrange- 
ments — a speed of as much as 100 gallons per square foot per twenty-four hours 
being the usual rate of running at Dordrecht, for example. The complete installa- 
tion is briefly described, and the marked eftect in reducing organic contamination, 
in the arrest of free ammonia, and in the destruction of microbes is attributed to 
the formation of ferric oxide, which acts as a coagulant, depositing a very fine 
filtering medium on the surface of tht* sand in the filter beds. The comparative 
cost of the ordinary systems of sand filtration and the author’s method are 
contrasted, and a considerable economy, both in capital, outlay, and in working 
expenses, is shown to exist. 

The installation at Agra, on the river Jumna, is next descnbed, and the lughly 
satisfactory results obtained noted. The experimental apparatus on the Seine, 
near Paris, is mentioned, and figures are quoted to show the large degree of purity 
attained. The effect of the iron treatment on waters containing very finely- 
divided argillaceous matter, like the Nile, the Mississippi, and other rivers, is 
described, and abundant evidence is given that these Avaters, which will not 
subside clear in any reasonable time and cannot be filtered bright, yield imme- 
diately to the iron treatment. Several instances of successful application in the 
United States are given, and especially at Chicago, where a reduction of albumi- 
noid ammonia from 3 08 to T22 parts in a million has been obtained. 

The paper goes on to describe some improvements connected with the intro- 
duction of air and small doses of carbonic acid, which are found to he beneficial in 
obstinate waters, such as those highly coloured by peaty matters ; and it is also 
shown that the introduction of air is often beneficial, even with waters which 
purify readily, by expediting the action and so increasing the efficiency of the 
plant ; and it is suggested that the energetic action which often takes place with 
very badly contaminated waters may be due to the carbonic acid generated by 
putrefaction. 

The whole of the results dealt with have been obtained either from existing 
installations or from experimental plant working on a large scale. 
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4. A Steady Platform for Guns^ dec., at Sea. By Beauchamp Toweb. 

I propose to describe two important improvements which I have introduced 
into my apparatus for securing a Steady Platform for Guns, &c., at Sea, on which 
I read a paper at the meeting of the British Association at Newcastle two years 
ago. It wdll be remembered that the apparatus consists of a water-driven 
gyroscope revolving in a horizontal plane on a spherical bearing, and directing the 
action of four cylinders by means of an axial jet, so as to keep the gymbal-hung 
platform coaxial with the gyroscope. The gyroscope itself was caused to revolve 
m a horizontal plane by having its centre of gravity about *7 inch below its centre 
of suspension ; this caused it to act as a long-period conical pendulum. If it 
started with its axis out of the vertical, it would go through a gradually- 
diminishing conical movement, which would be extinguished by the friction of 
the bearing. This acted very well in short waves ; but November before last 
I took my yacht into a long sea in the Channel after a westerly gale, and found 
that the time during which the horizontal force of each long wave was acting was 
sufficient to disturb the gyroscope about a degree. This led me to make the 
following improvement. I lowered the centre of suspension of the gyroscope to 
the centre of gravity. I made four little pendulums, each 3 inches long, the 
weight of each bob being only *6 lb. These four pendulums are suspended from 
the bodies of the four cylinders, and press slightly little wheels on the ends of 
bell-crank arms on the rim of the gyroscope. They are arranged so that, should 
the gyroscope be out of the horizontal plane, these pendulums press on it in such 
a way as to cause it to become horizontal. In the old arrangement the end of the 
axial jet approached the zenith by a spiral path ; in this improved arrangement 
it approaches it in a straight line, and, having reached it, has no oscillatory 
tendency to go beyond it ; so that the time taken by the gyroscope in assuming 
the horizontal is much shorter than before. The disturbing effect of the 
horizontal forces of wave-motion acting on the little pendulums is only about a 
twelfth of what it was when the whole gyroscope was a pendulum ; so that the 
longest waves produce no sensible disturbance. The machine steadies up much 
quicker than before, and the slow wandering of the zero through a degree or two 
has entirely disappeared. 

The other improvement is the addition of what I call the Correeling Cylinder. 
It is clear that in the arrangement I described two years ago a certain small, 
lagging-behind error must exist, owing to the necessary departure of the centre of 
the ports from the centre of the axial jet, in order that the necessary filling and 
emptying of the cylinders should be performed. I endeavoured at first to diminish 
this error as much as possible hy enlarging the area of the jet and ports relatively 
to the area of the cylinders, hut found a tendency to a hunting oscillation if this 
was carried too far. I then constructed the correcting cylinder, which has entirely 
removed this error. 

In the thickness of the partition between each pair of ports I made two other 
ports, which were merely narrow slits connected by small pipes, one to one end, 
and the other to the otlier end of a double-acting cylinder, having a piston held in 
mid-stroke between two stiff, spiral springs, the piston-rod having the elevating 
screw of the gun on the top of it. Supposing the centre of the ports to have 
departed one degree from the centre of the axial jet, one of these narrow-slit ports 
will in consequence be more covered hy the jet, while the other is less covered, 
and the consequent difference of pressure, acting on the piston and springs in the 
correcting cylinder, Avill cause the level of the gun to he altered one degree, so 
that its axis is still at right angles to the axis of the gyroscope. 

Thus a correction is applied to the gun to compensate for any error in hori- 
zontality of the platform, whether caused hy the lagging behind of the platform 
over the jet due to motion, or to a disturbing statical movement applied to the 
platform. 


5. Description of Lewis and Hunter's System of Coaling Shijps. 
By 0. Hunter. 
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6 . On some of the Peculiartttes to he observed in Portland Cements^ and on 

the most advanced methods for determining their Constructive Value. By 
Henry Faua, M.hist.G.E. 

After dealinf»* with the manufacture of Portland Cement, and the materials 
from which it is manufactured, the author proceeds to describe in detail the pro- 
portions of lime, silica, and alumina which would constitute an ordinary Portland 
cement, and further explains that their degree of chemical affinity materially affects 
the quality of the cement produced. The peculiarities appertaining to quick- and 
slow-setting cements is exnaustively considered, and, after defining the ordinary 
behaTiour of cements when gauged with water, he says that any cement deviating 
materially from tlieso recognised laws, though it may be a perfectly good cement, 
should be used with caution until its quality is absolutely determined by further 
tests and experiments. 

The necessity of making tests for tensile strength at two dates, in order that 
the growth or increase in strength of a cement may be ascertained, is explained, 
and the author makes use of Professor Unwins formula for determining the 
ultimate strength of a cement in order to compare the respective value of quick- 
and slow-setting cements. 

AVith respect to the setting properties of a cement, the author explains that 
there are two periods which may with advantage be noted when carrying out a 
test ; the one being the ^ initial set,’ or, in other words, the time which elapses 
between the addition of water to the cement and its commencing to set, and the 
time when it is ‘ set hard the time of ‘ initial set’ being considered the most 
important, as it represents the commencement of an actual chemical process, and 
that any disturbance of the cement after the setting or crystallisation has com- 
menced w’ould detract from its ultimate strength, wliereas the time of ^ set hard ’ 
is only a somewhat iindefinable period, and really indicates no change in the 
chemical process, being only one step towards the ultimate hardness and strength 
which the cement will attain. 

The test, however, whicli the author considers the most important is that by 
which its * soundness,’ or freedom from expansion or contraction, is determined, 
and he explains that no matter in what time the cement sets, to what fineness it is 
ground, or what ten'<ile strength it developes within the limited period of an ordi- 
nary test, can possibly lie of any value if the cement jiroves an unsound one, and 
tliat in the course of time it will * blow ’ and destroy the work of whicli it is a 
component. The causes which make a cement an unsound one are also considered, 
and it is explained that a cement may ‘ blow ’ within a day or two of its being 
gauged, or it may not blow until several months afterwards. 

The method of determining the soundness of a cemimt, which the author 
devised some ten rears ago, is tlien explained ; it consists in submitting a freshly- 
made pat to a moist atmosphere of about 100° F., and when set hard immersing it 
for some hours in water at a tem]>Brature of 115° F. This treatment greatly 
expedites the set and hardening of a cement, and in like manner developes any 
blowing tendency which may exist in it, and consequently in tlie short time of 
twenty-four hours the * soundness ’ or ^ unsoundness ’ of a cement maybe abso- 
lutely determined. 

The nature of aggregates used with cements in concretes and mortars is also 
touched upon, and it is explained that they may in tbernselves, through being 
unsuitable, cause a failure of the iuas.s even when a perfectly good cement is used, 
and that, thereff)re, the user should be as careful in his choice of aggregates as in 
his choice of cements. 

Several peculiarities appertaining to old and new cements are also described, 
and the author concludes with a reference to the Pontypridd Sewage Works, 
which the members attending the meeting afterwards had an opportunity of 
visiting under the guidance of Mr. Cliatterton, the engineer of the works. 
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7. On the Compound Principle in the Transmission of Power hy Compressed 
Air. By Professor A, C. Elliott, D.Sc.(^EtUn.). 

The heat dissipated in tlie compressors, passages, and supply-pipes of a com- 
pressed-air power, transmission system is a waste product. Under the condition 
that the compressed air must ultimately attain a temperature but liltlo above that 
of the atmosphere, it is easy to show that the heat waste is a minimum when the 
compression is performed isotliermally (even w'ere a sink temperature lower than 
that of the atmosphere available). 

But the practical problem of effecting isothermal compression has never been 
satisfactorily solved ; and, in fact, attempts in this direction have hitherto been 
mainly based on mere adaptations of the old cylinder water-jacket and jet 
appliances. But even in cases where both jets and water jackets have been applied, 
the compression curve has been found to fall only to a very small extent below 
the adiabatic. Amount of heat conducted is directly proportional, other things 
being equal, to time and to difference of temperature. Now, the diflerence of 
temperature between the air and the cooling water is zero at the beginning of the 
stroke, and increases to a maximum at the point when the eduction valve opens. 
We are, therefore, able to conclude in harmony with practical experience, first, 
that to effect anything like complete isothermal compression the ])iston speed must 
be excessively small ; and, secondly, that the rate of flow of heat from the air to 
tho cooling watiT attains a maximum value just at completion of the compression. 
At ordinary speeds, then, it appears that even with the jet a large proportion of 
the total heat must he abstracted after the eduction valves have opened — that is 
to say, after compression has been effected. 

The author stumbled some time ago on the principle of intermediate cooling. 
On this plan the compression is effected* in two or more Micccssive stages by a 
compressor with a corresponding number of properly proportioned cylinders con- 
nected by receivers, forming a mechanism analogous, as tlu‘ case may be, with a 
compound, a triple, or a quadruple expansion steam-engine w'orked, as it were, in 
the reverse direction, d'he outstanding point of difibrence is that each receiver is 
provided with a jet or (preferably) surface cooling arrangement by which the 
temperature of the air as it leaves the receiver is brought nearly to equiality with 
that of the atmosphere ; and there is practically no difficulty in eiiecting this 
cooling, because the size and surfaces of the receivers are at our disposal. 

As compared with the ordinary simple system, the reMilt to be expected is 
either (o) with the same pressure a substantial gain in efficiency ; or (A) with a 
higher pressure and the same efficiency a reduction in the size of the supply-pipes 
and the plant generally. Another point of very great importance is that if surface- 
cooling be adopted in the receivers, trouble from the formation of ice in the exhaust 
passages of the motors will almost certainly vanish. 

The author, however, soon learned that, at all events, the idea of the compound 
(or two-stnge) compressor had been suggested some considerable' time previously by 
Professor lliedler in connection with the designs for the new plant to be put down 
as an extension of the present Popp installation in Paris. But there is no doubt 
whatever that he in turn has been anticipated by Mr. IMorrisou, the manager of 
the Marquess of Lothian's colliery at Newbattle, near Edinburgh. The author 
has just returned from a visit of inspection, and can vouch for the fact that Mr. 
Morrison’s claims are well grounded. 

It next occurred to the author that, just as the compression-line on the com- 
bined diagram could be made up of discontiuuous parts of adiabatics bugging the 
ideal isothermal curve by the devices of a muftiple-cvlinder compressor and 
intermediate cooling, so the expansion-line of a nootor could he made to hug the 
ideal isothermal curve by very similar means. In fact, the compound motor ia 
simply the compound compressor, as it were, worked in the reverse direction ; but* 
instead of intermediate cooling, as in the compressor, we have intermediate heat- 
ing. We are thus enabled to recover from the atmosphere in the motor-cylinders 
part of the energy dissipated at the compressors. 

The maximum economy is obtained in a compound, triple, o# quadruple com- 
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pressor when the total horse-power is equally distributed among the cylinders. A 
similar statement applies to multiple-expansion motors. 

For the purposes of an example designed to show the value of the compound 
principle, the author has assumed the Paris pressure — namely, six atmospheres 
absolute — and made allowances for all losses on the scale that Professor Kennedy 
found them to exist in the present machinery at Paris over a distance of four 
miles.^ The clliciency of the system is taken to he the ratio of the indicated 
horse-power in the motor-cylinders to the indicated horse-power in the steam- 
cylinders of the compressor. The following are typical results : — 

Efficiency 
per Cent. 

Simple compressor and simple motor 31) 1 

Compound compressor and simi)le motor 44-1) 

Compound compressor and compound motor .... 5()*7 

Triple compicssor and triple motor ...... 55*3 


8. Sinking Wells and Shafts. By Henry Davey, M.Insi.G.E. 

In 1881 the President of this Section, Mr. Forster Brown, read a paper before 
the Institution of Oivil Engineers on * Deep Mining of Coal in South Wales.’ 

In that paper the author pointed out the great difliculty and expense attend- 
ing the sinking of shafts through water-bearing strata, and suggested that a 
boring might be put down in advance of the sinking into which a pump might be 
placed to facilitate the operation of sinking. The water being pumped down in 
the boring below the bottom of the shaft the sinking would be done in dry ground, 
and would go on without intermission. 

The suggestion appeared to be a valu^ible one. 

In sinking shafts and wells through water-bearing strata, on time-honoured 
methods, there is not only the great cost, but, what is often more serious, the great 
length of time taken in doing the work. A single well for town water supply often 
takes two or three years or more to execute. 

The subject is or considerable local importance, because of its bearing on the 
einking of mining shafts, and it ig on that account that the author ventured to 
bring it briefly before the Section. 

The problem is simply that of keeping down the water in water-bearing strata 
in advance of the sinking operations, so that the excavation of the shaft or well 
ehall be done in dry ground. 

The ordinary method of shaft or well sinking is to sling a pump or pumps in 
the shaft and to lower the pumps from time to time as tlie sinking continues ; 
obviously the excavation has to be performed in water, and if the quantity of water 
to be dealt with is very great, a large portion of the work has to be done by the 
men working in a depth of two or three feet of water. 

To facilitate the work, and to reduce the water in which the men liave to work, 
a sump is made under the suction pipe of the pump, and it is the keeping this 
sump excavated in advance of the other work wnich is most difficult and tedious. 
Then there is the delay occasioned by the lowering of the pumps, and providing 
the appliances necessary to the operation. 

In the plan now proposed, the pump would he placed in a borehole made be- 
fore the commencement of the sinking of the shaft. The only novelty in the pump 
is that of adapting it to the purpose. 

It is necessary that d4bns shall not go down the borehole in quantity sufficient 
to choke it up. That is provided against by means of a heavy taper shield of cast 
steel surrounding the pump and resting on the edge of the borehole. This shield 
is perforated with holes inclined upwards towards the pump to allow water to get 
into the borehole, but to exclude debris. The shield is made very heavy, and by 
its own weight follows the excavation around the pump, and also protects it from 
injury through the blasting of the rock. The pump is made without a foot-valve, 
the rod of the bucket working through the seating of a valve which rests on the 

* See British Association Jteports^ Newcastle, 1889. 
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top of the workmgf barrel ; by this arrangement the drawing of the bucket also 
draws the valve, and should the bottom of the borehole be filled up with sand, it 
can be removed by lowering a sand pump such as is used in making boreholes. 

The boreholes should be made to a greater depth than that required for the 
punm to provide a space for sand and debris. 

The application of this pump to the sinking of shafts would be varied to suit 
the local circumstances, and the geological formation of the strata to be passed 
through. Details of various applications which might present themselves are 
omitted. 

It is quite evident that in some situations the shaft might be drained by means 
of boreholes outside, and this is a plan now being carried out in one or two cases 
in procuring water for Town Water Supply. 

It is the usual and necessary practice to provide duplicate pumping engines, 
and where two engines are made to pump from the same w'ell, the well must be 
very large that it may accommodate two sets of pumps. 

Such, wells are usually 12 to 14 feet in diameter. To sink such a well in 
the ordinary vray is a very long and costly undertaking, especially if quicksand is 
met with. On the completion of the well it may be necessary to drive adits to 
increase the water supply. 

A simple borehole is made very cheaply and very expeditiously — four 30-inch 
boreholes can be put down m a very small fraction of the time required to sink a 
12-feet well in the ordiiiai’y way. 

Instead of making a large well the author puts down four boreholes to accom- 
modate the pumps for duplicate pumping engines — a pair of pumps to each engine. 
The boreholes being completed, the pumps are lowered into them, and coupled up 
to the permanent engines. Immediately that is done the water found in the bore- 
holes can he pumped, and supplied to the town. 

Should it be insufficient, then a small well would he sunk in the dry to the 
bottom of the borehole pumps. The boreholes at the level of the pumps would be 
connected to the centre well, and adits driven to collect more water. Should the 
boreholes yield siilficient water there would be no necessity to sink the well. 

It would he absurd to advocate any particular system of well sinking as being 
universally applicable and expedient. This system of making wells and shafts 
certainly promises advantages under ordinary conditions; but the advisability of its 
adoption in any particular case must be a matter of judgment with the engineer 
planning the work. 

It may be of interest to know that the practice of ‘ dowsing ’ for finding water 
is not altogether extinct in the West of England. 


SATUBDAY, AUGUST 22. 
[ The. Sectiwi did not meeti] 


MONDAY, AUGUST 24. 

The following Papers were read : — 

1. The London-Paris TeleThone. By W. H. Preece, F.E.S, 

1, I have already on two occasions, at Newcastle and at Leeds, brought thk 
subject before Section G, and have given the details of the length and construction 
of the proposed circuit. I have now to report not only that the line has been 
constructea and opened to the public, but that its success, telephonic and com- 
mercial, has exceeded the most sanguine anticipations. Speech has been maintained 
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■with perfect clearness and accuracy. The line has proved to be much better than 
it ought to have been, and the purpose of this paper is to show the reason why. 
The lengths of the different sections of the circuit are as follows : — 


Mile«5 

London to St. Mai-garot’s Pay 84 5 

St. Margaret'.s Bay to Sangatte (cable) . . . .28 1) 

Sangatte to Paris 11)9 0 

Paris underground . 4 8 

Total 8U-3 

The resistances are as follows : — 

Ohm? 

Paris underground . . . . . . . . .70 

French line 294 

Cable H3 

English line .......... 183 


Total (R) . . . . G93 

The capacities are as follows : — 


Microfarads 

Paris underground O' 4 3 

French line . 3-33 

Cable r> 52 

English line 1'32 


Total (K) 10 G2 

693 X 10-62=: 7,359 »K R. 

2. Trials of Apparatus . — The preliminary trials were made during the month 
of March between the chief telegraph offices of the two capitals, and the following 
microphone transmitters were compared : — 


Ader 

. Pencil form 

Berliner 

. Granular „ (Hunnings). 

D’Arsonvul .... 

. Pencil ,, 

De Jongh .... 

,, ,, 

Gower-Bell .... 

- >1 

Po.st Office switch in.stmmeut 

. Granules and lamp 11 laments. 

Roulez 

, Lamp tilaments. 

Turnbull .... 

. Pencil form. 

Western Electr'c . 

. Granular 


The receivers consisted of the latest form of double-pole Bell telephones with 
some Ader and B’Arsonval receivers for comparison. After repeated trials it was 
finally decided that the Ader, D’Arsonval, Qower*Bell (with double-polo receivers 
instead of tubes), Roulez and Western Electric were the best, and were approxi- 
mately equal. 

These instruments were therefore selected for the further experiments, which 
consisted of using local extensions in Paris and London. The wires were in the 
first instance extended at the Paris end to the Observatory tlirougli an exchange 
at the Avenue des Gohelines. Tlie length of this local line is 7 hms. The wires 
are gutta-percha covered, placed underground, and not suitable for giving the best 
results. 

The results were, however, fairly satisfactory. The wires were extended to 
the Treasury in London by means of the ordinary underground system. The 
distance is about two miles, and although the volume of sound and clearness of 
articulation were perceptibly reduced by these additions to the circuit, conversation 
was quite practicable. 

Further trials w^ere also made from the Avenue des Gohelines on undergroumi 
wires of five kilometres long, and also with some renters in Paris with fairly satis-, 
factory results. The selected telephones were equally efficient in all cases, which- 
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E 88 that to maintain easy conversation when the trunk wires are extended to 
points it is only necessary that the local lines shall be of a standard not lower 
than that of the trunk line. The experiments also confirm the conclusion that 
long distance speaking is solely a question of the circuit and its environments, and 
not one of apparatus. The instruments finally selected for actual work were 
Gower-Rell for London and Iloulez for Paris. 

3. The results are certainly most satisfactory. There is no circuit in or out of 
London on which speech is more perfect than it is between London and Paris. 
In fact, it is better than I anticipated, and better than calculation led me to ex- 
pect. Speech has been possible not only to Paris but through Paris to Bruxelles, 
and even, with difbciiltv, through Paris to Marseilles, a distance of over 900 miles. 
The wires between Paris and Marseilles are massive copper wires specially erected 
for telephone business between those important places. 

4. Bitsiners Done . — The charge for a conversation between London and Paris 
is Ss. for three minutes’ complete use of the wire. The demand for the wire is 
very considerable. The average number of talks per day, exclusive of Sunday, is 
eigbty-six. The maximum has been 108. We have had as many calls as nineteen 
per hour — the average is fifteen during the busy hours of the day. As an instance 
of what can be done, 150 words per minute have been dictated in Paris and trans- 
cribed in Ijondon by shorthand writing. Thus in three minutes 450 words were 
recorded, which at 85. cost five words for a penny. 

5. The difficulties met with in long distance speaking are several, and they 
may be divided into (a) those due to external disturbances and (b) those due to 
internal opposition. 

0. The paper enters fully into the technical details by which these difficulties 
have been surmounted. 

7. Lightning. — A metallic telephone circuit rnaj” have a static charge induce i 
upon it by a thunder cloud. Such a charge is an electric strain which is released 
when the charged cloud flashes into the earth or into a neighbouring cloud. If 
there he electro-magnetic inertia present the charge will surge backward and 
forward through the circuit until it dies out. If there be no E.M.P. present it 
will cease suddenly, and neutrality will ho attained at once. Telephone circuits 
indi<*ate this operation by peculiar and characteristic sounds. An iron wire circuit 
produces a long swish or loud sigh, hut a copper wire circuit like tlie Paris-London 
telephone emits a short, sharp report, like the crack of a pistol, which is sometimes 
startling, and has created fear, but tliere is no danger or liability to shock. Indeed, 
the start has more than once thrown the listener off his stool, and has led to the 
belief that he was knocked down by lightning. 

8. The future of teleplione working, especially in large cities, is one of under- 
ground wires, and the way to get over the difficulties of this kind of work is per- 
fectly clear. We must have metallic circuits, twisted wires, low' resistance, and 
low capacity. In Paris, a remarkable cable, made by Fortin-llerman, gives an 
exceedingly low' capacity, viz. only *009 ^ per mile. In the United States they 
are using a wire insulated with paper which gives *08 per mile. We are using 
in London Fowler- Waring cable givin«r a capacity of 1*8 ^ per mile, the capacity 
of gutla-covered wire being 3 0 per mile. 


2. On the Telephoning of Great Cities. By A. R. Bennett, M.I.E.E. 

The paper discusses how the extensive demand for Telephonic Exchange com- 
munication, which in the course of a few more years is certain to arise in all large 
‘cities — a deraeiid of wdiich no conception can he formed from the present condition 
of Telephone I'lxclianges in this country — can be met and satisfied. Given low rates 
and a fairly efficient service, the time will come, and that at no distant day, v/hen 
evoiy shopkeeper, and almost every householder, will look upon a Telephon€ 
Exchange connection as as much of a necessity as gas or water. Indications art 
not wanting even now of wliat may he expected when the inhabitants of large 
towns come to realise what an important business and social auxiliary £ 
properly conducted Teleplione Exchange is, for in Galashiels and someothei 
1891. 3d 
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towns tliete is already a telephone for every 200 inhabitants^ the principal.sup- 
porters, after the manufacturers and merchants, being professional men, sbop- 
teepers, and householders. If telephoned to the same extent as the town named, 
London, with its 6,600,000 inhabitants, would possess 28,000 subscribers, but 
owing to its greater wealth and extent it is not only possible, but almost certain, 
that eventually London will require a telephone for every 60 inhabitants, which 
with its present population would mean 112,000 subscribers. That number would 
only represent four times the proportion already existing in the small towns 
named. A successful telephonic scheme for London or any large town would 
require to comprise Severn essential conditions: firstly, privacy and efficient 
speaking must he secured ; secondly, the connecting together of subscribers and 
their subsequent disconnection, and, if required, reconnection with others, must he 
rendered rapid and certain ; thirdly, the rates must be within the reach of small 
shopkeepers and householders, and should not exceed 8/. per annum ; fourthly, 
the system must be laid out so as to be capable of indefinite expansion witn- 
out the necessity of periodical reconstruction ; and lastly, the undertakers of the 
system must have equal rights with gas and water companies to lay in their 
conductors underground. Ail these requirements, excepting the fourth, have from 
time to time severally been met and conquered, but no existing Exchange system, 
so far, comprises them all, although technically and commercially it is perfectly 
practicable to combine them so as to attain as nearly to perfection as possible. 
The sanction of the Legislature to the laying of underground conductors constitutes 
the only doubtful quantity. The Post Office has demonstrated the feasibility of 
perfect privacy and eftective spoecli in conjunction with a system of underground 
wires ; and the Mutual Telephone Company, in their recently-constructed Exchange 
at Manchester, has shown that privacy, distinct speech, and rapid and certain 
switching are quite compatible with as low a rate of subscription as 6L per annum. 
The only essential requirement that has not yet been demonstrated is the laying 
out of a system so as to permit of vast and easy expansion in every direction, and 
this, the paper shows, is a problem admitting of easy solution provided that the 
laying of wires is made independent of private caprice. The leading feature of a 
cheap, efficient, and easily extensible Exchange in a large town is the division, as 
far as feasible, of the area to be telephoned into sections not exceeding a square 
mile in extent, with some smaller ones in situations where, as in the City of 
London, very great commercial activity prevails. In the centre of each section 
will be situated a switch-room, to whicn the wires of the subscribers resident 
within that square mile will be led. As some subscribers will be resident quite 
near the switen-room and others at the maximum distance from it, it is assumed 
that with mile squares the average length of a subscriber’s line will be about a 
quarter of a mile, and therefore cheap to construct. Each of these secondary 
switch-rooms will be connected, according to the geographical configuration of the 
town, to either one or two central switch-rooms by a sufficient number of junction 
wires. Such a multiplication of switch-rooms would be impracticable with the 
ordinary methods of switching, but a system exists which has been thoroughly 
proved in practice during the last nine years, and which is specially applicable 
where a very large number of subscribers has to he dealt with. By the aid of this 
system, which is known as the ^ Mann,* or a modification of it devised by the 
author, with the switch-rooms distributed as described, the maximum time for 
establishing a connection between two subscribers situated at the extreme opposite 
limits of a telephone area as large as London would not exceed ten seconds. 
The Mann switching system only reauires apparatus at tbe switch-rooms of extreme 
simplicity and compactness, and calls for only a minimum expenditure of labour 
on the part of the operators, while it interposes no obstacles in the shape of 
signalling electro-magnets at the intermediate switch-rooms to the freest possible 
passage of telephonic speech. The system is consequently better adapted than any 
other for communicating over long distances. Privacy and long-distance speaking 
would he secured by the universal adoption of metallic circuits. Such a system 
would afford the maximum possible telephonic efficiency, and would enable, 
supposing it were likewise fitted in other towns, London subscribers to talk from 
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their own offices direct to the offices of suhscHhers, not onN in the mosl^ distent 
cities of Great Britaiil and Ireland, but in I^aris, and other Uontinental cities, tt 
is asserted that such a system would lead to such a rapid increase in the number 
of subscribers that an annual subscription of 81. would, even in the largest towns, 
be sufficient to yield a large profit on its cost, even if all the wires were placed 
underground. 


3. Recent Progress in the Use of Electric Motors. 

By Professor G. Foebes, F.B.S. 

In the application of electric motors I have noticed three directions in which 
this country needs the testimony of independent and impartial people to assert 
the value of applications which in some other countries are generally adopted. 
These are: — (1) Electric railways. (2) Replacing shafting in shops by electric 
conductors and motors. (.3) Transmitting power to a distance from waterfalls and 
rivers by electricity. 

Electric Itail'icays. — Tlie?ie are thoroughly established in America on the 
cheapest system, i.e. electricity supplied from a central station by overhead wires. 
The extensive adoption of electric tram lines in America, and the small number in 
England, is certainly due to the fact that they allow these overhead conductors, 
and we do not generally do so. The most trustworthy estimates seem to vary 
between 418 and C’(X) cents per car mile, including coal, attendance, land and 
buildings, machinery, line, oil, water, and waste. The question of repairs is serious 
and must be reduced. Most of the lines adopt spur gearing to reduce the speed 
from the electric motors to the car axles. They generally use two pinions and 
two spur wheels. This introduces great friction. Tt is very generally accepted 
that 8 horse-power is lost in gear friction, though this seems somewhat incredible, 
being about 30 per cent. Tliese cars are large, and the motors are of 30 horse- 
power. This enormous power is absolutely demanded to enable them to start on 
a gradient with facility, and they do this. There is no crawling about these cars. 
You feel that there is phuity of power for the work. The noise in the cars used 
to be very considerable, and tli(5 injury to watches through magnetisation was at 
one time an objection. The noise from the gearing, especially when worn, has 
been deadened by enclosing the motor and gearing in cast-iron boxes. Tlie mag- 
netisation of w'atches is prevented by adopting a suitable type of motor. Another 
source of trouble iu motors u«ed to be the brushes, for sparking is liable to be very 
violent with the variable load of a tram motor, and the oomniutators wore away 
rapidly. Since carbon brushes have been introduced this difficulty has entirely 
disappeared. 

The loss in double reducing gear and the wear and tear led to oil tlie important 
companies turning to single reducing gear with rather heavier motors. It would 
at first appear impossible to go farther, and adopt armatures on the wheel axles 
without sacrificing the great advantage of gearing, which allows the motors to be 
independently supported without being subjected to the same shocks as the wheel 
axles. In spite of this, the Westinghouse Company have introduced a gearless 
motor, which has strength enough to stand tlie shocks. But other inventors had 
the idea of fixing the armature alone on the axle, and supporting the field magnet 
wholly on springs ; to support it partially on springs is of little value. In this 
direction the most important and promising plan seems to be that adopted by 
Eickmeyer and Field. They support the whole motor in guides on springs, and 
connect the motor axle and the wheel axle by cranks and a coupling bar, the 
cranks on the right and left sides being at right angles to each other. This seems 
to reduce gearing friction to the minimum, while completely obviating shocks. 

In America spur gearing is almost universal, but in Switzerland the Oerlikon 
Company are introducing worm gearing, which has been so much approved by 
Mr. Keckenzaun. Storage batteries have not generally been successful in America, 
but in some trials have worked very well. 

Replacing Shafting by Electricity . — The benefit of replacing shafting by electric 
conductors and motors has been thoroughly appreciated in America. Everyone 
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knows of the hundreds of motors for small work which are supplied with eleoti’icit-y 
by central stations in Boston and New York, besides other places, and of the large 
number of electric lifts supplied by the Otis Company with electric motors de- 
signed by Kickinever. I will only place before English manufacturers two of the 
establishments where a statement of what has been done is enough to bring con- 
viction to the mind of every shrewd and sensible employer of power. In th(‘ great 
works of William Spellers &. Co. shafting has been abolished as far as possible. 
The second ('stnhlishmeiit is Baldwin’s locomotive factory, whence from sixteen te 
twenty locomotives are sent off every week, and where space is so far valuable 
that there is no room for shunt lines, and where a 100-ton travelling crane picks^ 
up one out of the twenty, and puls it down where wanted. Tliis line travelling 
crane, and every other crane in this huge part of the works, are driven by electric 
motors. 

Traitsmis.^wn of Poicer to a Didance from Waterfalls . — With regard to trans- 
mission of power to a distance from waterfalls, I have seen little to chronicle in 
America, and what tliere is seems rather antiquated ; but in Switzerland important 
work has been done both by continuous and alternating currents. The high ten- 
sion electrical work in connection with continuous currents that most imjircssed 
me was what has been done by Cudnod, Sautter, et Cie. Their six-pole machines 
wdth Gramme commutators up to 2,000 volts, designed by INI. Thury, 8(*em to 
work admirably and sparklessly, and I must here state my conviction, wdiich I did 
not pre^iou.sly hold, that tho insulation of such a machine can be made perfect,, 
as there done, by supporting the dynamo or motor on a number of alternate slabs 
of vulcanised rubber and porcelain, and by connecting the slialts by Ballard 
couplings. 

I will not take up time with describing different works of this kind, but 1 will 
now say something about the use of multiphase alternate, or rotary currents, about 
the prospective use of which so much has been publisliedi I have seen tlie machines 
and transformers in course of construction at Oerlikon, and the insulators whicli 
have been used; the nu*clianical design is excellent. I can quite appreciate the 
difficulties of i-egulation of three currents referred to by M. Dobrowolski, but I 
think that there are further points upon wuicli information is much wanted. I 
want to know, for hitherto I have utterly failed to see, the advantage of this 
three-phase sviichronising alternator o\er tlie simple alternators which do such 
excellent work. I have been told that calculation shows that Mr. Brown’s macliine 
has OC per cent. •efficiency as a dynamo. Well, I reply that an ordinary alternator 
without iron, not having the hysteresis of Mr. Brown’s machine, ought to liave 
a higher efficiency. In the next place I am told by Mr. Brown that while you 
cannot switch one of these three-phase synchronising motors, with its load, on to 
an electric circuit, and expect it to get up to the .synchronising speed, yet it will 
do so along w ith tlie electric generator of electricity, if the latter bo also started 
from rest. In this it certainly has the advantage over the synchronising alternator 
with iron, but none wliatev^er over those without iron, which will act in precisely 
the same way unless the motor happens to be stopped on dead centres, i.e. with 
the centres of coils (in a Mordey alternator, for (*xample) half way between the 
poles of the field magnets. If this is the only gain over single-phase alternators 
with self-induction, and if there he no advantage g-ainfid over alternators without 
large self-induction, T fail to see the merit of the complication of three pha.se8. I 
would not liave drawn attention to the alisence of advantage, hut wmuld have 
preferred to await tlie experiments before expressing an opinion, were it not for 
tlie great attention directed to the scheme by the Press, altogether out of propor- 
tion to the results which Mr. Brown and the Oerlikon managers hopei to obtain. 
The great experiment about to he tried nt Frankfort, which interests electricians 
all over the w orld, is not to prove that transformation is efficient, but to piove 
that 30,000 volts can he carried along 112 miles of overhead conductor. 

M. Dobrowolski says that whatever load may lie put on Lis motors, there is no 
serious difference in phase lietwcon tin' potential difl'erenco applied to the motor 
and the current, and there is no appreciable lag. If this be so, it would ho a de- 
cided improvement ; hut I shall require strong pi oof before I accept the multiphase 
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motor as a great advance over tlie Tesla machine. The only advantage which it 
possesses over synchronising alternators without iron in the armatures and with 
largo momentum, lies in its power to start with the load on. But I do not see 
that in large applications this advantage is to he compared with what it loses by 
its want of synchronism. M. Dohrowolski claims that these machinef> have the 
further advantage over the synchronisers that they will not erloaded. 

After having tested Mr. Mordey’s synchronising alternators, 1 have a strong con- 
viction, almost amounting to a feeling of certainty, that it is impossible to put 
them out of step in ordinary conditions hy merely increasing the load. The more 
you increase the load the more current goes through them to keep them in step. 
They would rather get red liot than get out of step. They behave just as a con- 
tinuous current motor or Tesla motor, or a Dohrowolski motor, behaves under the 
same conditions ; it gets hot, hut it does not stop. 

People seem to he greatly at a loss to explain why it is that some alternators 
work well as motors, while others do not. The explanation is simply that the 
former have a large momentum, and the latter have not. I announced this ex- 
planation of the difficulty at a meeting of electricians in Paris, last February, and 
found that M. Ilosjiitalier had arrived at (*xactly the same conclusion, and quite 
independently. I feel confident in predicting that the Ferranti dynamo, if supplied 
with a heavy enough fly-wheel, will he fuiiiid to work as well as the Mordey 
machine as a motor. 

4. 0)1 Electric Firedamp Indicators. B)j N. Watts. 


b. The Lighting of Railway Trains Electrically . By T. A. Timmis. 

The main conditions that are necessary are : — 

(1) Every carriage must carry its own store of electricity {i.e. a battery). 

This battery must bo light, say less than 1 cwt. 

No carriage must he detained at any time to change its batteiy. 

(2) High voltage lamps must be used to give a brilliant light and economise 
the current used. 

The system described in the paper can be, and is, used with — 

(i. ) A dynamo driven from an axle, or 

(li.) A dynamo and special engine on the locomotive ; 

(ill.) Central charging stations. 

Ill the first and last cases it is necessary to have a large battery in the guard’s 
van. 

Whatever the main source of electricity may be, it supplies the current at a 
high voltage (say 50) to light a main system of lamps through the train. 

P»ut as any carriage may be detached at a station to be recoupled on to another 
train or break loose or he slipped from a train, it is absolutely necessary to have a 
storage or battery of accumulators in each carriage. 

The cost and weight of batteries in each vehicle, with E.M.F. enough to light 
the main lamps (say 50 volts), makes them impossible. Further than this, it would 
he impracticable to charge them. 

We therefore put another system of small lamps, 6 or 8 volts and 3 or 4 small 
cells, in each vehicle to light them. 

These small batteries we charge from the main source of electiicity on the train, 
and thus they are no trouble — small weight and small cost. 

The working of these two systems, main and auxiliary, is under the control 
of the guard while the train is complete ; but should any vehicle become detached 
from the maiu circuit the auxiliary lamps automatically light up. 

If, also, anything happens to the main source of electricity, the auxiliary system 
can be put either under the control of the guard or be fitted to come into action 
automatical! V. 

The placing of the main leads through each vehicle, and the couplers used, aie 
folly described in the paper. We sometimes use four through leads and sometimes 
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only two. Tbo circumstances of the case determiue liow many through leads, 
aro necessary, and also what the main source of electricity must be. 

In every case, however (except in omnibus trains), we use the double system of . 
main and auxiliary lamps with main and auxiliary supply of electricity. 


TUESDAY, AUGUST 25. 

The following Papers were read : — 

1. An JEUctrical Parcel Exchange System, By A. R. Bennei't, M.I.E.E, 

The congested state of the streets in many of the large towns, notably in the 
City of London, invites reflection ns to whether it is not possible to devise means 
by which vehicular tratRc may to a certain extent be diminished. To avoid 
absolute blocking of the thoroughfares, it is now necessary to forbid the collection 
or delivery of goods in certain localities during business hours, and trade certainly 
suffers under such restrictions, while warehouses have to be of larger capacity 
than would be needed were the free receipt and d(‘spiitch of goods permissible. 
The author develops a scheme by which parcels and small packages may be fieely 
interchanged between the various buildings of a town by means of miniature 
electric railways laid preferably, but not necessarily, uiulergroimd, in x>iia*8 
culverts. Such pipes may be laid along the principal thoroughfares, communicat- 
ing to the right and left by means of spurs or sidings w'itli the premises of the 
subscribers to the system. In imitation of a telephone exchange, the pipes con- 
verge at one or more central stations, where operators ha\ing sole control of the 
tratiic are on duty, and w'hero are situated the dynamos and other apparatus. 
The scheme may no worked out in various w’ays, but the aiitlior proposes, by 
preference, a rectangular tube carrying two tracks or lines of rails, one above the 
other, the lower being used for the down, and the upper for the up, trallic. On 
the rails run trucks fitted with electro-motors, deriving propelling current from 
a parallel conductor laid between the two tracks, .so tliat on the down journey 
trucks gather current by a collector pressing on the under, and on the up journey 
by one pressing against the upper, surface of the conductor. By dividing one of 
the rails of each track into insulated sections, the operators, by watching miniature 
semaphore signals placed in the central station, and w'orked by electro-magnets, 
are enabled to tell on which section a truck is, and to follow its progress out and 
home with the greatest exactitude. The sidings into the premises ser\ed are 
connected to the main line by switches resembling those of an ordinary railway, 
w'bich are normally, by means of springs, kept in their position for through trafiic, 
but which by the agency of electricity the operator at the Central Station can put 
over so as to connect wdtli tlie sidings. The tracks enter the promises one above 
the other, but if there is room available, they tlien diverge and effect a junction, so 
that trucks can be shifted from the down to the up lino without lifting them off 
the rails. On entering a siding a truck automatically signals the operator that it 
is clear of the main line, and on running into the promises it is brought up by 
means of catches and springs, which are depressed in one direction only, and which 
also serve to announce its arrival by ringing electric hells, and prevent its being 
returned by error or design into the tube on the wrong track. The connections of 
the motor are so arranged tliat a truck, even if placed on the wrong line, would 
not move backwards so as to cause a collision. The up track is blocked at the 
sending end, so that, although a truck may be placed on the up siding ready for 
despatch, it cannot obtain propelling current until the operator has a clear road 
for it lie then electrically removes the block, and gives the truck current by 
which it is brought into the Central. The operators have thus complete control 
over the movements of trucks. When a truck, or train of trucks, is intended by 
one subscriber for another, it is despatched in the first instance to the Central, 
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■wfeere, on reading the address, the operator forwards it to the siding of the con* 
signee. Subscribers may telephone or otherwise communicate with the Central 
about despatch and receipt of tracts, but it is not necessary to do so, since trucks 
can be delivered into subscribers’ sidings, and even unloaded automatically, and 
then withdrawn again without any attention on the subscriber’s part, while trucks 
placed for despatch by subscribers can be brought into the Central at stated 
intervals if the operators make it a rule to tap all sidings occasionally for un- 
announced traffic. Goods could therefore be delivered during the night, and 
empty trucks sent into the various sidings for next day’s traffic. If desired, 
collisions could he prevented between trucks in motion in the same direction bj 
automatic blocks. In the event of a truck through any accident stopping in the 
tube, the semaphore connected with the section it is on will remain con- 
tinuously at danger, and the operator will know that such a stoppage has taken 
place, together with its position, and take steps to remove it. For instance, he 
could send an empty truck forward, the speed of which can he reduced to a mini- 
mum as it approaches the disabled truck by modifying the propelling current until 
it strikes against the disabled vehicle, when, full current' being turned on, both 
trucks can he forwarded to the consignee or shunted at the next convenient siding. 
Should trucks by mistake he delivered to the wrong siding, the subscriber would 
transfer them to the up track, and return them to the Central. The paper claims 
that such a system would prove of immense service if existing between the chief 
and branch post-offices of a city, between railway goods stations, parcel-receiving 
offices, and large business establishments, c^c. The delivery of letters, telegrams, 
and parcels could bo effected by the Post Office to subscribers without the aid of 
postmen, wliile matter for d(?spatch by post and telegrams, together with the 
money to defray the charges thereon, could be forwarded by subscribers to tlie 
Post Office. For Post Office work the .system would simply be a great development 
of the existing pneumatic tubes. Hotels and restaurants could telephone for and 
obtain in a few minutes \ lands they may be short of, and enable their customers to 
choose wine not only from the cellar of the establishment, hut from those of evc‘ry 
wine nKU’chant on tlie system. It is not contended that such a system would pay 
if constructed specially "for parcel work, although the surprising developments of 
the last decade scarcely permit of limits being assigned to the possible developments 
of the next ; but tlio author assumes that the construction of subways beneath all 
the chief thorouglifares of large towns for the purpose of containing electric light 
and power leads, telephone wires, pipes for gas, fresh water, sea water, hydraulic 
power, compressed air, and other adjuncts of our complex civilisation, will shortly 
feecomo an absolute necessity. A beginning in that direction has been made under 
the auspices of limited companies in some American cities, and we must sooner or 
later follow suit. Then when that time arrives an electrical parcel exchange could 
be carried out effectively and economically as part of the scheme. Our footpaths 
and carriage-ways ^vlll eventually be laid upon the lids of huge boxes, through 
which well-lighted patlnvays, affording crossings and short cuts for passengers at 
congested spots, may e\en he carried. 


2. The Benier Hot- Air Engine. By M. Benier. 

The question of hot-air or caloric engines has much interested the scientific and 
engineering world for many years. It has generally been admitted that the dis- 
covery of a really good hot-air engine would be of the greatest importance from 
economical and other considerations — amongst other advantages, boilers, with 
attending expense and danger, being entirely dispensed with. 

Appended to this notice are illustrated drawings of the hot-air motor invented 
by Messrs. Bonier Freres. A considerable number of these engines are already in 
use in France and elsewhere on the Continent for industrial, electric-lighting, and 
other purposes. Several have been supplied to the French Government for use in 
lighthouses and fog-horn lightships. In the engine illustrated the air passes 
through the fire itself directly into the combustion-chamber. With this type of 
engine a much greater initial pressure can be obtained than in engines using a 
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separate combuation-cliamber, or where the air ia heated through an intervening 
metallic diaphragm. The drawing up of the grit and ashes ia completely prevented 
in the present motor, this latter feature forming an important part of the invention. 

As will be seen by the drawings, the engine is constructed on the beam prin- 
ciple, and the combustion-chamber is really a prolongation of the working cylinder. 

The piston (or plunger) is of considerable length, the upper part only being 
made to fit the cylinder. The lower part of the piston is of slightly less diameter, 
consequently an annular space is formed between it and the cylinder. This space 
is connected with the main air-supply, which is controlled by a valve operated by 
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a connecting-rod and cam-lever worked from a cam on the crank-shaft of the 
engine. The air-pump is placed in the centre of the machine, immediately beneath 
the beam-standard, and is operated by a rod attached to the rocking-beam, and 
this is connected by a rod to the crank-shaft. Owing to the position of tho beam, 
pump, and connecting-rods, the piston of the air-pump is at the outer end of its 
stroke when the working piston, on its return stroke, has reached a middle position. 
During the last half of toe return stroke of tho working piston the air-piston is 
pushed inwards, and compresses the charge of air previously drawn in until it has 
reached the middle of the stroke, at which moment the working piston is at the 



tRANSAGttbiJS OF dSO^JlON O. 


77Z 


end of its stroke. The air-valve, operated by the cam as already mentioned, has 
communicating passages with tlie air-pump, the furnace or combustion-chamber, 
and the annular air or packing space in the main cylinder, f^onsequently, the 
compressed air is forced partly through the fire and combustion-chamber, and 
partly into the annular air-space, the flow of air continuing during the time the 
air-piston performs the second half of the stroke. Meantime, the main piston 
receives its charge from the combustion-chamber, and cold compressed air passes 
into the annular space, and practically acts as a packing, effectually preventing 
grit and dust rising from the fire to the working faces of the cylinder. When the 
air-pump has finished its stroke, the air-valve is closed, and the air in the working 
cylinder is allowed to expand for the remainder of the stroke. 



The cylinder is kept cool by means of a circulating-water jacket. 

The bottom of the comtiustion-cliaraber is hinged, and the fuel is coke. As the 
combustion takes place under pressure, an air-valve, working automatically, is 
employed for feeding the fire. 

The consumption of coke is about 3 lbs, (one kilogramme and a half) per brake 
horse power and per hour. 


3. On the Internal and External Work of Evaporation. 

By W. WoRBY Beaumont, M.Inst.G.E. 

Several of the most interesting problems in connection with the st'^am^ngine 
turn upon the view that is taken of the mode of employment of the heat equivalent 
of the external work of evaporation. 

When steam is generated under constant pressure external work is performed 
PV, P being the pressure and V the volume generated. It may therefore, in 
acjcordance with the thermodynamic conceptions, be assumed that more befit is 






uasd in the generation of steam under constant pressure than under constant 

PV 

Tcdume, the extra quantity of heat being XJ « -y, J being Joule s equivalent, and 


U the heat units. 

The author suggests the following explanation of the way in which the heat 
equivalent of the external work of evaporation is used. If heat flows out of steam 
vehen mechanical work is done by it during its formation, it must be supposed that 
steam is cooled by the outflow. If heat flows out and if cooling follows, the cor- 
responding condensation or liquefaction takes place, and a further supply of heat is 
demanded to re-evaporate steam so liquefiea; or, what is the same thing, the 
further supply of heat is used in continuously preventing the liquefaction from 
reaching nioi'e than the incipient stage. The action here sketched is readily con- 
ceived if for the purpose of explanation the evaporation and the external work be 
supposed to take place per saltum. Suppose a piston, immediately over the water 
in a simple evaporating vessel, to have been moved by the steam through a small 
distance A. Then heat corresponding to the work done in moving the piston 
through A will have flowed out of the steam, nud this quantity of heat Q being 

gone, condensation-^ must have taken place in order that the temperature T and 


pressure P of the remaining steam may be unaffected (L being latent heat of 
evaporation). Now before the piston can be again moved through a further 
similar distance Ah that quantity Q must be restored by a further demand on the 
source of heat, and if Q’ be the quantity of heat required to produce the volume of 
steam V, then the total quantity of heat Q* required to move the piston through 
distance A^ will be = + Q, in order that volume may be produced and the 

condensed steam Q be re-evaporated. 

Now if A be taken as less than any assignable distance or the process assumed 
continuous, then evaporation and incipient liquefaction may he supjiosed to bo con- 
temporaneous, and Q and Q* will be supplied contemporaneously. 

In this way it appears to the author that an explanation can be found of the 
mode of conversion of heat into the external work of evaporation under constant 
pressure, or of conversion of heat into the work performed by a steam-engine during 
the admission part of the stroke, or, more correctly speaking, the work done by 
the steam on the piston during admission. If this be a true statement of the 
actual mode of employment of the heat converted into the mechanical work of a 
steam-engine during the admission part of the stroke, then it follows that li(piefac- 
tion takes place during admi^^ion, which must he sufficient to represent the 
mechanical work done. This being so, the question arises, To what extent will 
this liquefaction result in water or suspended moisture in the cylinder of a steam- 
engine ? The outflow of heat and corresponding liquefaction may be supposed to 
take place at the moving wall or piston, and in the hypothetic case supposed the 
liquefied steam may be assumed to be re-evaporated by the steam or water imme- 
diately below, which in its turn demands and receives more heat for its resuscita- 
tion from the source. In the case of the steam-engine cylinder, however, it is open 
to question whether the killed molecules in the cylinder or next the piston are 
resuscitated by the incoming steam, which follows up the movement of the piston. 
If they are not, then liquefaction will take place in the steam-engine cylinder during 
admission as a result oi the performance of work, although the work is the external 
work of the evaporation winch is performed in the boiler. The heat required for 
evaporation is that of Regnault’s tables, but under the assumption here explained 
(when the liquefaction takes place in the cylinder and the resulting water does not 
return without loss of heat to the boiler), the heat required to raise the tempera- 


ture of the quantity ? of feed water to the temperature of evaporation must be 


added, because in order that one pound of steam may be supplied to the cylinder 
as steam at cut off, the extra quantity ^ of feed water must be supplied to the 
bdUer* The quantity of water actually evaporated in the production of one pound 
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ot steam m the eteam-engme cylinder will thus Be 1 IB. + S when the eVapoiation 

Ij 


takes place under constant pressure, although it is only 1 when evaporation takes 
place under constant volume. The heat required for evaporation under the author’s 

assumption for the one pound of steam in the steam-engine will he L + ^ — {T-to)f \ 

Jj 


T being temperature of evaporation and to the temperature of the feed water. (In 
the’ elementary case T » jfo.) This, it must be noted, is the heat that will be required 
for each pound of steam accounted for by the indicator. 


4. On a new System of Screw Projotdsion with non~reversihle Engines.^ 

By W. WoiiBY Beaumont, M.Inst.C.E, 

At the present time all screw propellers are driven by engines, which must be 
BO designed that they may be fitted with all the paraphernalia necessary for 
reversing. 

A considerable part, of this reversing gear must be at work during the whole 
of the time the engines are running. Thus, although it may not be necessary to 
reverse the propeller or the direction of motion of a ship during a long run, the' 
quickly moving parts of this gear must nevertheless be kept at work all the time. 
In order to avoid the practical objections to this, and the stresses which are 
brought to bear on the propeller and screw shaft by reversing the direction of their 
rotation, it is now proposed to effect the reversal of the direction of motion of the 
si lip by means of the propeller, and the object of this paper is to bring before the 
Mechanical Science Section of the Association a description of tlie apparatus 
designed for this purpose by Mr. Robert McGlasson. 

For several years tlie feathering .screw propeller has been in use on a consider- 
able number of vessels. By means of this, known as Bevis’ -[iropeller, the angle 
of the blades may be shifted by gear in the screw shaft tunnel, so that they may 
be placed fore and aft, and thus oiler no impediment to the motion of the ship 
\N hen it is desired to employ sails instead of engines. 

By means of the same propeller the angle of the blades may be set so as to alter 
the pitch to that which may be found best for the ship, or to suit it for very low 
power wlien only slow steaming is wanted. As employed for these purposes 
this form of propeller has been long enough in use to show its practical sufficiency. 

By an extension of the application of the principle of this propeller, it is now 
seen to he possible to achieve several ends which are considered to he of great 
importance. Some of these may be enumerated as follows: — 

1. The propulsion of ships by means of screws, which rotate always in the same 
direction, and may be actuated by non-reversible engines and screw-shafts. 

2. The simplification of marine engines, by dispensing with all the parts at 
present used for making the engines reversible. 

3. The complete and quick reversal of the direction of propulsion of the ship, 
without any of that heavy stress which often amounts to strain and rupture of the 
screw-shaft, or coiipliugs, or crank-shaft. 

4. The facile adjustment of the pitch of the screw blades while the engines are 
running, so that the pitch may at all times bo set to suit the form, trim, and con- 
dition of the ship, the requirements of navigation, or any sudden emergency 
requiring prompt action. 

The extension of the application of the principle of the feathering screw consists 
in the employment of apparatus by means of which the pitch or angle of the blades 
is always under control, and may be changed from moment to moment with the 
same facility as is the rudder by means of steam or hjdraulic steering gear. 

Either form of the apparatus thus employed operates by moving in one or other 
direction a sliding collar on the tail shaft. This collar is connected to the rod of 
levers which gives angular motion to the screw blades. 

* The discussion on this paper was given in Eihgxneering, September 4, 1891,: 
p. 269 ; and the paper with illustrations was published in Industries in September 
1891 ; and in the Marine Engineer, October 1891. 
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. cylinder and piston will be employed for moving this 
or admitting the water to either side of the piston will 
. in the engine-room, but may be operated from the bridge. 


jn of Scretv Propellers, By Major R. de Vielamie, B.E, 

ant action of a screw propeller is similar to a piston with an infinite stroke 
jcity ‘ V.' The speed of screw is revolutions multiplied by effective pitch, 
ave pitch = diameter ^/pitch ratio. Minimum circumferential velocity, which 


^ives a thrust — s/'lyd. Most advantageous circumferential velocity 


Ts/’^yd 


where m is pitch ratio. Centre portion of a screw is inert. Inert area = • 

Centre of screw acts as a drag or resistance — hence the * Thrust deduction factor.’ 
No screw will convert more than 70 per cent, of the power_ into longitudinal 
thrust. Thrust ot screw depends on re\olutions x effective pitch. Methods of 
improving propellers : — 

1. Adopting a form which feeds itself from the centre. 

2. Forcing water to the centre by ‘feeding blades’ on leading side of pro- 
peller. 

Besgoffe propeller satisfies the first requirement, and show’s economy of 25 to 
30 per cent, in fuel. Feeding blades will reduce or quite eliminate the ‘ Thrust 
deduction factor.’ 

The diflerences between theory now proposed and generally accepted theory 
were considered. 


6. On the Comparative Values of Various Substances used as Non-^condueting 
Coverings for Steam Boilers and Pipes. By W. Hepwortii Collins, 
F.C.S.,^RG.S.y F.B.M.S. 

The author has recently accurately determined the respective non-conducting 
values of several of the well-known substances and mixtures used as non-conducting 
material for covering steam boilers and pipes. These results are of much import- 
ance, more particularly as there does not appear to he any accessible record of an 
investigation in this country of a recent or reliable character. 


Table 1. 


Substance 1 inch thick (in mass) ; heat 
applied, F. 

Pounils of 
water heated 

Solid matter 
in 1 sq. ft. 

Air included, 

10° F. per hour 

1 inch thick, 

parts 1,000 

through 1 sq.ft. 

parts 1,000 


1. Hair felt ..... 

114 

189 

957 

2. Cotton felt 

10T> 

75 

930 

3. Jute felt 

13-2 

162 

921 

4. Linen felt 

11-7 

64 

753 

5. Loose cotton felt .... 

9-3 

17 

990 

6. Carded cotton .... 

81 

16 

987 

7. Rabbit-liair ‘ wool * . . . 

71 

43 

912 

8. Poultry feathers .... 

6-2 

44 

976 

9. Cork powder 

13-6 

66 

931 

10. Sawdust powder .... 

14-2 

141 

793 

11. Asbestos powder .... 

47*9 

67 

961 

12. Fossil meal 

621 

78 

910 

13. l^laster of Paris 

36*2 

371 

698 

14. Calcined magnesia 

14*7 

24 

970 

15. Comprcs.scd calcined magnesia 

63-4 

291 

711 

16. Fine sand 

G6*3 

633 

478 
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Professor Ordway’s (Massachusetts Inst. Technology) method — with modifica-- 
tions by the author of this paper — was applied to obtain the foregoing results. A 
mass or each non-conducting material, one inch thick, was used for each experi- 
ment. This mass was carefully prepared and placed on a perfectly true, flat, iron 
plate or tray, which was then carefully maintained at a constant temp, of 310°F. 
The heat transmitted through each non-conducting mass was calculated in pounds 
of water heated 10° F. per hour. Table II. gives the results of practically treating: 
the several non-conducting mixtures on a 5-inch steam pipe, which was subject to 
much \ibration. 


Table IF. 


Prepared mixtures lor covering steam pipes, Sec. 

Pounds of water heated 10° F. 
per hour, liy 1 sq. ft. 

1. Clay, dung, and vegetable fibre paste . 

39G 

2. Fossil meal and hair paste 

10-4 

3. Fossil meal and asbestos powder .... 

2G-3 

4. Paper pulp, clay and vegetable fibre 

40-6 

6. Paper pul}), alone ....... 

14-7 

G. Sl.'ig-wool, liair, anrl clay paste .... 

10-0 

7. Asbestos fibre, wrapped tightly .... 

17-9 

8. Coal aslies and clay paste wrapped with straw 

29*9 


7. A joint Discussion with Section A. vjpon Units and their Nomenclature 
took place. See p. 577. 
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Section H.— ANTHROPOLOGY. 

Pkesident of the Section — Professor F« Max Mulijbb, M.A., Foreign Member 
of tbe French Institute. 


THURSDAY, AUGUST 20. . 

The Pbbsident delivered the following Address : — 

Ir was forty-four years ago that for the first and for the last time I was able to 
take an active part in the meetings of the British Association for the Advancement 
of Science. It was at Oxford, in 1847, when I read a paper on the ‘ Relation of 
Bengali to the Aryan and Aboriginal Languages of India,’ which received the 
honour of being published in full in the ‘Transactions ' of the Association for that 
year. I have often regretted that absence from England and pressure of work 
nave prevented me year after year from participating in the meetings of tlie Asso- 
ciation. But, being a citizen of two countries — of Germany by birth, of England 
by adoption — my long vacations have generally drawn me away to the (’ontinent, 
so that to my great regret I found myself precluded from sharing eithtu* in }our 
labours or in your delightful social gatherings. 

I wonder whether any of those who were present at that brilliant meeting at 
Oxford in 1847 are present here to-day. I almost doubt it. Our President then 
was Sir Robert Inglis, who will always ho known in the annals of English history 
as having been preferred to Sir Robert Peel as Member of Parliament for the 
University of Oxford. Among other celebrities of the day I remember Sir 
Roderick Murchison, Sir David Brow.ster, Dean Buckland, Sir Charles Lyell, Pro- 
fessor Sedgwick, Professor Owen, and many more — a galaxy of stars, all set or 
setting. Young Mr. Ruskin acted as Secretary to the Geological Section. Our 
Section was then not even recognised as yet as a Section. We ranked as a sub- 
Section only of Section D, Zooloffy and Botany. We remained in that subordinate 
position till 1861, when we became Section E, under the name of Geography and 
Ethnology, From 1880, however, Ethnology seems almost to have disappeared 
again, being absorbed in Geography, and it was not till the year 1884 that wo 
emerged once more as what we are to-day, Section H, or Anthropology. 

In the year 18^17 our sub-Section was presided over by Professor AVilson, the 
famous Sanskrit scholar. The most active debaters, so far as I remember, were 
Dr. Prichard, Dr. Latham, and Mr. Crawfurd, well known then under the name of 
the Objector-General. I was invited to join the meeting by Bunsen, then Prussian 
Minister in London, who also brought with him his friend, Dr. Karl Meyer, the 
Celtic scholar. Prince Albert was present at our debates, so was Prince Louis 
Lucien Bonaparte. Onr Ethnological sub-Section was then most popular, and 
attracted very large audiences. 

When looking once more through the debates carried on in our Section in 1847 
I was very much surprised when I saw how very like the questions which occupy 
us to-day are to those which we discussed in 1847. I do not mean to say that there 
has been no advance in our science. E'ar from it. The advance of linguistic, ethno- 
logical, anthropological, and biological studies, ail of which claim a hearing in our 
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Section, has been most rapid. Still that advance has been steady and sustained ; 
there has been no cataclysm, no delude, no break in theedvancement of our science, 
and nothing seems to me to prove its healthy growth more clearly than this un- 
interrupted continuity which unites the past with the present, and will, I hope, 
unite the present with the future. 

No paper is in that respect more interesting to read than the address which 
Bunsen prepared for the meeting in 1847, and which you will find in the ^ Trans- 
actions ' of that year. Its title is * On the Kesults of the recent Egyptian Researches 
in reference to Asiatic and African Ethnology, and the Classification of Languages.’ 
But you will find in it a great deal more than what this title would lead you to 
expect. 

There are passages in it which are truly prophetic, and which show that, if 
prophecy is possible anywhere, it is jjossible, nay, it ought to be possible, in the 
temple of science, and under the inspiring influence of knowledge and love of truth. 

Allow me to dwell for a little while on this remarkable paper. It is true, we 
have travelled so fast that Bunsen seems almost to belong to ancient history. This 
very year is the hundredth anniversary of his birth, and this very day the cente- 
nary of his birth is being celebrated in several towns of Germany. In England 
also his memory should not he forgotten. No one, not being an Englishman by 
birth, could, I believe, have loved this country more warmly, and could have 
worked more heartily, than Bunsen did to bring about that friendship between 
England and Germany which must for ever remain the corner-stone of the peace of 
Europe, and, as the Emperor of Germany declared the other day in hisspeecu at the 
Mansion House, the sine qua non of that advancement of science to which our Asso- 
ciation is devoted. Bunsen’s house in Carlton Terrace was a true international 
academy, open to all who had somethingto say, something worth listening to, a kind of 
sanctuary against vulgarity in high places, a neutral ground where the best repre- 
sentatives of all countries were welcome and felt at home. But this also belongs 
to ancient history. And yet, when we read Bunsen’s paper, delivered in 1847, 
it does not read like ancient history. It deals with the problems which are still 
in the foreground, and if it could be delivered again to-day by that genial repre- 
sentative of German learning, it would rouse the same interest, provoke the same 
applause, and possibly the same opposition also, which it roused nearly half a 
century ago. l^et me give you a few instances of what I mean. 

We must remember that Darwin’s * Origin of Specks’ was published in 1869, 
his ' Descent of Man ’ in 1871. But hero in the year 1847 one of the burning 
questions which Bunsen discusses is the question of the possible descent of man from 
some unknown animal. He traces the history of that question back to Frederick 
the Great, and quotes his memorable answer to D’Alembert. Frederick the Great, 
you know, was not disturbed by any qualms of orthodoxy. * In my kingdom,’ be 
used to say, ^ everybody may save bis soul according to his own fashion.’ But 
when D’Alembert wdshed him to make what he called the salto mortale from 
monkey to man, Frederick the Great protested. He saw what many have seen 
since, that there is no possible transition from reasonlessness to reason, and that with 
all the likeness of their bodily organs there is a barrier which no animal can clear, 
or which, at all events, no animal has as yet cleared. And what does Bunsen 
himself consider the real barrier between man and beast ? ‘ It is language,’ he 

says, ^ which is unattainable, or at least unattained, by any animal except man.’ 
In answer to the argument that, given only a sufficient number of years, a transi- 
tion by imperceptible degrees from animal cries to articulate language is at least 
conceivable, he says : ‘ Those who hold that opinion have never been able to show 
the possibility of the first step. They attempt to veil their inability by the easy 
but fruitless assumption of an infinite space of time, destined to explain the gradual 
development of animals into men ; as if millions of years could supply the want of 
the agent necessary for the first movement, for the first step, in the line of pro- 
gress I No numbers can effect a logical impossibility. How, indeed, could reason 
spring out of a state which is destitute of reason ? How can speech, the expres- 
sion of thought, develop itself, in a year, or in millions of years, out of inarticulate 
sounds, which express feelings of pleasure, pain, and appetite ? ’ 
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He then appeals to Wilhelm von Humboldt, whom he truly calls the greatest and 
most acute anatomist of almost all human speech. Humboldt goes so far as to 
say, * Rather than assign to all language a uniform and mechanical march that 
would lead them step by step from the grossest beginnings to their highest 
perfection, I should embrace the opinion of those who ascribe the origin of language 
to an immediate revelation of the Deity. They recognise at least that divine 
spark which shines through all idioms, even the most imperfect and the least 
cultivated.’ 

Bunsen then sums up by saying : * To reproduce Monboddo’s theory in our 
days, after Kant and his followers, is a sorry anachronism, and I therefore regret 
that so low a view should have been taken of the subject lately in an English 
work of much correct and comprehensive reflection and research respecting natural 
science.’ This remark refers, of course, to the ^ Vestiges of Creation,’ ^ which 
was then producing the same commotion that Darwin’s ^ Origin of Species ’ 
produced in 1859. 

Bunsen was by no means unaware that in tlie vocal expression of feelings, 
whether of joy or pain, and in the imitation of external sounds, animals are on a 
level with man. * 1 believe with Kant,’ he says, * that the formation of ideas or 
notions, embodied in words, presuppo.se^ the action of tlie senses and impressions 
made by outward objects on the mind.’ * But,’ he adds, ‘ what enables us to see 
the genus in the individual, the whole in the many, and to form a word by con- 
necting a subject with a predicate, is the power of the mind, and of this the brute 
creation exhibits no trace.’ 

You know how for a time, and chiefly owing to Darwin’s predominating influence, 
every conceivable effort was made to reduce the distance which language places 
between man and beast, and to treat language as a vanishing line in tlie mental 
evolution of animal and man. It required some courage at times to stand up against 
the authority of Darwin, but at present all serious thinkers agree, I believe, with 
Bunsen, that no animal has developed what we mean by rational language, a a 
distinct from mere utterances of pleasure or pain, from imitation of sounds and 
from communication by means of various signs, a subject that has lately been 
treated with great fulness by my learned friend Professor Romanes in his ‘ Mental 
Evolution of .Man.’ Still, if all true science is based ou facts, the ffict remains 
that no animal has ever formed what we mean by a language. There must be a 
reason for that, and that rea.son is reason in its true sense, ns the power of forming 
general concepts, of naming and judging. We are fully justified, therefore, in 
holding with Bunsen and Humboldt, as against Darwin and Professor Romanes, 
that there is a specific difference between the human animal and all otlier animals, 
and that that difference consists in language as the outward manifestation of what 
the Greeks meant by Logos. 

Another question which occupies the attention of our leading anthropologist.*^ 
is the proper use to ho made of the languages, customs, laws, and religious ideas of 
so-called savages. Some, as you know, look upon these modern savages as repre- 
senting human nature in its most primitive state, while others treat them as repre- 
senting the lowest degeneracy into which human nature may sink. Here, too, we 
have learnt to distinguish. We know that certain races have had a very slow 
development, and may, therefore, liave preserved some traces of those simple insti- 
tutions which are supposed to be characteristic of primitive life. But we also 
know that other races have degenerated and are degenerating even now. If wo 
hold that the human race forms but one species, w'e cannot, of course, admit that 
the ancestors even of the most savage tribes, say of the Australians, came into the 
world one day later than the ancestors of the Greeks, or that they pa.‘?sed tlirtuigh 
fewer evolutions than their more favoured brethren. The whole of humanity would 
be of exactly the same age. But we know its history from a time only when it 
had probably passed already through many ups and downs. To8U])po8o, therefore^ 
that the modern savage is the nearest approach to primitive man would be against 
all the rules of reasoning, Because in some countries, and under stress of unfavour- 
able influence-s, some human tribes have learnt to feed on human ile.sli, it does not 
' See an article in the Ediiiburgh IfevicfVj July 1845. 
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follow that our. first ancsestors werecaniiibals. And here, too, Bunsen’s words have 
become so strikingly true that I may be allowed to quote them : ‘ The savage is 
justly disclaimed as the prototype of natural, original man ; for linguistic inquiry 
shows that the languages of savages are degraded and decaying fragments of nobler 
formations.’ 

I know well that in unreservedly adopting Bunsen’s opinion on this point also 
I run counter to the teaching of such well-known writers as Sir John Lubbock, 
Reclus, and others. It might be supposed that Mr. Herbert Spencer also looked 
upon savages as representing the primitive state of mankind. But if he ever did so, 
be certainly does so no longer, and there is nothing I admire so much in Mr. 
Herbert Spencer as this simple love of truth, which makes him confess openly 
whenever he has seen occasion to cliange his views. * What terms and what con- 
ceptions are truly primitive,’ he writes, ‘ would be easy if we had an account of 
truly primitive men. But there are sundry reasons for suspecting that existing 
men of the lowest type forming social groups of the simplest kind do not exemplify 
men as they originally were. Probably most of them, if not all, had ancestors in 
a higher state.’ ^ 

Slost important also is a hint which Bunsen gives that the students of language 
should follow the same method that has been followed with so much success in 
Geology ; that they should begin by studying the modern strata of speech, and 
then apply the principles, discovered there, to the lower or less accessible strata. 
It is true that the same suggestion had been made by J^eibniz, but many sugges- 
tions are made and are forgotten again, and the merit of rediscovering an old truth 
is often as great as the discovery of a new truth. This is what Bunsen said : ‘ In 
order to arrive at the law which we are endeavouring to find (the law of the develop- 
ment of language) let us first assume, as Geology does, that the same principles 
which we see working in the (recent) development were also at work at the very 
beginning, modified in degree and in form, but essentially tlie same in kind.’ AVe 
know how fruitful this suggestion has proved, and how much light an accurate 
study of modern languages and of spoken dialects has thrown on some of the 
darkest problems of the science of language. But fifty years ago it was Sanskrit 
only, or Hebrew, or Chinese, that seemed to deserve the attention of the students 
of Comparative Philology. Still more important is Bunsen’s next remark, that 
language begins with the sentence, and that in the Ix^giniiing each word was a 
sentence in itself. This view also has found strong supporters at a later time, for 
instance, my friend Professor Sayce, though at the time we are speaking of it waa 
hardly thought of. I must here once more quote Bunsen’s own words: ‘The 
supreme law of progress in all language shows itself to be the progress from the 
siih.stantial isolated word, as an undovelojied expression of a whole sentence, towards 
such a construction of language as makes every single word subservient to the 
general idea of a sentence, and shapes, modifies, and dissolves it accordingly.’ 

And again : ‘ Every sound in laugiiaare must originally have been significative 
of something. The unity of sound (the syllable, pure or consonantised) must 
therefore originally have corresponded to a unity of conscious plastic thought, and 
every thought must have had a real or substantial object of perception. . . . Every 
single word implies necessarily a complete proposition, consisting of subject,, 
predicate, and copula.’ 

This is a most pregnant remark. It shows as clearly as daylight tlie enormous 
difference there is oetweeii the mere utterance of the sound Pah and Mo?i, as a cry 
of pleasure or distress, and the pronunciation of the same syllable as a sentence, 
when 2\ih and Mah are meant for ‘ This is Pahj ‘ This is Mah ’ ; or, after a still more 
characteristic advance of the human intellect, ‘This is a Pah,' ‘This is a Mah' 
which is not very far from saying, ‘ This man belongs to the class or genus of fathers.^ 

Equally important is Bunsen’s categorical statement that everything in lan- 
guage must have been originally significant, that everything formal must originally 
have been substantial. You know what a bone of contention this has been of late 
between w^t is called the old school and the new school of Comparative Philology. 
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The old school maintained that every word consisted of a root and of certain 
derivative suffixes, prefixes, and infixes. The modem school maintained that there 
existed neither roots by themselves nor suffixes, prefixes, and infixes by themselves, 
and that the theory of agglutination — of gluing suffixes to roots — was absurd. 
The old school looked upon these suffixes as originally independent and significative 
words ; the modern school declined to accept this view except in a few irrefragable 
instances. I think the more accurate reasoners are coming back to the opinion 
held by the old school, that all formal elements of language were originally suh- 
etantial, and therefore significative ; that they are the remnants of predicative or 
demonstrative words. It is true we cannot always prove this as clearly as in the 
case of such words as hard-sHnp, wis-domy man-homly where hood can be traced back 
to hddy which in Anglo-Saxon exists aa an independent word, meaning state or 
quality. Nor do we often find that a suffix like mentCy in clararnente, clairementy 
continues to exist by itself, as when we say in Spanish claray concim y eleyante- 
menie. It is perfectly true that the French, when they say that a hammer falls 
lour dement y or heavily, do not d(‘liberately take the suffix ment — originally the 
Latin mente, ‘ with a mind ' — and glue it to their adjective hmrd. Here the new school 
has done good service in showing the working of that instinct of analogy which is 
a most important element in the historical development of human speech. One 
compound was formed in which me?i/e retained its own meaning ; for instance, 
forti mentey ^with a brave mind,’ Ilut when this had come to mean bravely, and 
no more, the working of analogy began ; and if fortonient, from fort, could mean 
‘ bravely,’ then why not lourdement, from lourd, ‘ heavily ’ ? But in the end there 
is no escape from Ilunaen s fundamental principle that everything in language was 
originally language — that is, was significative, was substantial, was material — before 
it became purely formal. 

But it is not only with regard to these general problems that Bunsen has 
anticipated the verdict of our own time. Some of his answers to more special 
questions also show that ho was right when many of liis contemporaries, and even 
successors, were wrong. It has long been a question, for instance, w’liether the 
Armenian language belonged to the Iranic branch of the Aryan family, or whether 
it formed an inaependeiit branch, like Sanskrit, Persian, or Greek. Bunsen, in 
1847, treated Armenian as a separate branch of Aryan speech ; and that it is so 
was proved by Professor Iluhschmann in 1883. 

Again, there has been a long controversy whether the language of tlie .Ifghans 
belonged to the Indie or the Iranic branch. Dr. Trumpp tried to vsliow’ that it b(‘- 
longed, by certain peculiarities, to the Indie or yanskritic branch. Professor 
Darinesteter has -poved hut lately that it sliares its most essential characteristics 
in common with Persian. Here, too, Bunsen guessed rightly — for I do not mean 
to say that it was more than a guess - when he stated tliat ‘ Pushtu, the language 
of the Afghans, belongs to the Persian branch.’ 

I hope you will forgive me for having detained you so long with a mere retro- 
spect. I could not deny myself the satisfaction of paying this tribute of gratitude 
and respect to my departc<i friend, Baron Bunsen. To have known him belongs 
to the most cherished recollections of my life. But though I am my.self an old man 
— much older than Bunsen was at onr meeting in 1847 — do not suppose that I came 
here as a mere laudator temporis acti. Certainly not. If one tries to recall what 
Anthropology was in 1847, and then considers what it is now, its progress seems 
most marvellous. I do not think so much of the new materials which have been 
collected from all parts of the world. These last fif^ years have been an age of 
discovery in Africa, in Central Asia, in America, in Polynesia, and in Australia, 
such as can hardly bo matched in any previous century. 

But what seems to me even more important than the mere increase of material 
is the new spirit in which Anthropology has been studied during the last genera- 
tion. I do not mean to depreciate the labours of so-called dilettanti. After all, 
dileltanti are lovers of knowledge, and in a study such as the study of Anthropology 
the labours of these volunteers, or francs-tireursy have often proved most valuable. 
But the study of man in every part of the world has ceased to be a subject for 
curiosity only. It has heei) raised to the dignity, but also to the responsiliility, of 
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a real science, and it is now guided by princi;^l6s as strict and as rigorous as any 
other science — such as Zoology, Botany, Mineralogy, and all the rest. Many theories 
which were very popular fifty years ago are now completely exploded ; nay, some 
of the very principles by which our science was then guided have been discarded. 
Let me give you one instance — perhaps the most important one — as determining the 
right direction of anthropological studies. 

At our meeting in 1847 it was taken for granted that the study of Comparative 
Philology would be in future the only safe foundation for the study of Anthropology. 
Linguistic Ethnology was a very favourite term used by Bunsen, Prichard, Latham, 
and others. It was, in fact, the chief purpose of Bunsen’s paper to show that the 
whole of mankind could be classified according to language. I protested against 
this view at the time, and in 18o3 I published my formal protest in a letter to 
Bunsen, ^ On the Turanian Languages.’ In a chapter called ^ Ethnology versus 
Phonology ’ I called, if not for a complete divorce, at least for a judicial separation 
between the study of Philology and the study of Ethnology. ^ Ethnological race,’ I 
said, * and phonological race are not commensurate, except in antehistorical times, 
or, perhaps, at the very dawn of history. With the migration of tribes, their 
wars, their colonies, their conquests and alliances, which, if we may judge from 
their effects, must have been much more violent in the ethnic than ever in the 
political periods of history, it is impossible to imagine that race and language should 
continue to run parallel. The physiologist should pursue his own science, uncon- 
cerned about language. T^et him see how far the skulls, or the hair, or the colour, 
ortho skin of difierent tribes admit of classification; hut to the sound of their 
words his ear v<^hould be as deaf as that of the ornithologist’s to the notes of caged 
birds. If his Caucasian class includes nations or individuals speaking Aryan 
(Creek), T’uranian (Turkish), and {Semitic (Hebrew) languages, it is not his fault. 
11 is system must not be altered to suit another system. There is a better solution 
both for his difiiculties and for those of the plionologist than mutual compromise. 
The phenologist should collect his evidence, arrange his classes, divide and combine 
as if no Blunienhacli had ever looked at skulls, as if no Camper had ever measured 
facial angles, as if no Owen had ever examined the basis of a cranium. Ilis evidence 
is the e\i(lence of language, and nothing else; this he must follow, even though in 
the teeth of history, physical or political. . . . There ought to be no compromise 
between ethnological and phonological science. It is only by stating the glaring 
contradictions between the two that truth can be elicited.’ 

At first my protest met with no response; nay, curiously enough, I have often 
been supposed to be the strongest advocate of the theory which I so fiercely attacked. 
Perhaps 1 was not entirely without blame, for, having once delivered my soul, 1 
allowed myself occasionally the freedom to speak of the Aryan or the Semitic race, 
meaning thereby no more than the people, whoever and whatever they were, who 
spoke iVryaii or Semitic languages. I wi.sh we could distinguish in hhiglish as in 
Hebrew between nations and Iangua(/cs. Thus in the Book of Daniel, iii. 4, ^ the 
herald cried aloud, , . . O people, nations and languages.’ Wliy then should we 
not distinguish between nations and languages ? But to put an end to every 
possible misunderstanding, I declared at last that to speak of ‘ an Aryan skull 
would bo as great a monstrosity as to speak of a dolichocephalic language.’ 

I do not mean to say that this old heresy, which went by the name of linguistic 
ethnology, is at present entirely extinct. But among all serious students, whether 
physiologists or philologists, it is by this time recognised that the divorce between 
Ethnology and IMiilology, granted if only for incompatibility of temper, has been 
productive of nothing but good. 

Instead of attempting to classify mankind ns a whole, students are now engaged 
in classing skulls, in classing hair, and teeth, and skin. !Mnny solid results have 
been secured by these special researches ; hut, as yet, no two classifications, based 
on tliese characteristics, have been made to run parallel. 

The most natural classification i.'s, no doubt, that according to the colour of the 
skin. Tills gives us a black, a brown, a yelloAV, a red, and a white race, with 
several subdivisions. This classification has often been despised as unscientific ; 
but it may still turn out fur more valuable than is at present supposed. 
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The next classification is that by the colour of the eyes, as black, brown, hazel, 
^y, and blue. This subject also has attracted much attention of late, and, within 
certain limits, the results have proved very valuable. 

The most favourite classification, however, has always been that according to 
the skulls. The skull, as the shell of the brain, has by many students been sup- 
posed to betray something of the spiritual essence of man ; and who can doubt 
that the general features of the skull, if taken in large averages, do correspond to 
the general features of human character ? We have only to look round to see men 
with heads like a cannon-ball and others with heads like a hawk. This distinction 
has formed the foundation for a more scientific classification into hr achy cephalic ^ 
dolichocephalic, and mesocephalic skulls. The proportion of 80 : 100 between the 
transverse and longitudinal diameters gives us the ordinary or mesocephalic type, 
the proportion of 75:100 the dolichocephalic, the proportion of 85:100 the 
brachycephalic type. The extremes are 70 : 1(K) and 00 : 100. 

If we examine any large collection of skulls, we have not much difficulty in 
arranging them under these three classes ; but if, after we have done this, we look at 
the nationality of each skull, we find the most hopeless confusion. Pruner Hey, os 
Peschel tells us in his ‘ Volkerkunde,’ has observed brachycephalic and dolichocephalic 
skulls in children born of the same mother; and if we consider how many women 
have been carried away into captivity by Mongolians in their inroads into China, 
India, and Cxermany, we cannot feel surprised if we find some longheads among 
the roundheads of those Oentml Asiatic nordes. 

Only we must not adopt the easy expedient of certain anthropologists who, 
when they find dolichocephalic and brachycephalic skulls in the same tomb, at once 
jump to the conclusion that they must have belonged to two different races. 
When, for instance, two dolichocephalic and three brachycephalic skulls were dis- 
covered in the same tomb at Alexanderpol, we were told at once that this proved 
nothing as to the simultaneous occurrence of different skulls in the same family ; 
nay, that it proved the very contrary of w'hat it might seem to prove. It was 
clear, we were assured, that the two dolichocephalic skulls belonged to Aryan chiefs 
and the three brachycephalic skulls to their non-Aryan slaves, who were killed 
and buried with their masters, according to a custom well known to Herodotus. 
This sounds very learned, but is it really quite straightforward ? 

Besides the general division of skulls into dolichocephalic, brachycephalic, and 
mesocephalic, other divisions have been undertaken, according to the height of the 
skull, and, again, according to the maxillary and the facial angles. Ibis latter 
division gives us orthognathic, prognathic, aifd mesognathic skulls. 

Lastly, according to the peculiar character of the hair, we may distinguish two 
great divisions, the people with woolly hair ( UhlricheH) and people witli smooth 
htan {Lissot riches). The former are suMivided into people with tufts 

of hair, and Briocomi, or people with fleecy hair. The latter are divided into 
Euthycomi, straight-haired, and Eu2docami,^ wavy-haired. It lias been shown 
that these peculiarities of the hair depend on the peculiar form of the hair-tubes, 
which, in cross-sections, are found to be either round or elongated in different 
ways. 

Now all these classifications, to which several more might he added, those 
according to the orbits of the eyes, the outlines of the nose, the width of the pelvis, 
are by themselves extremely useful. But few of them only, if any, run strictly 
parallel. It has been said that all dolichocephalic races are prognathic, and have 
woolly hair. I doubt whether this is true without exception ; but, even if it were, 
it would not allow us to draw any genealogical conclusions from it, because there 
are certainly many dolichocephalic people who are not woolly-haired, as, for 
instance, the Eskimos.'* 

Now let us consider whether there can be any organic connection between the 
shape of the skull, the facial angle, the conformation of the hair, or the colour of 
the skin on one side, and what we call the great families of language on the other. 

* Not Euplo-oomic, wavy-haired, r s PriLton gives it, 

* Brinton, Ilacc$ cf People, p. 249. 
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That we speak at all may rightly be called a work of nature, opera naturaU^ as 
Dante said long ago ; hut that we speak thus or thus, coei o coei, that, as the same 
Dante said, depends on our pleasure — that is, our work. To imagine, therefore, 
that as a matter of necessity, or as a matter of fact, dolichocephalic skulls have 
anything to do with Aryan, mesocephalic with Semitic, or hr achy cephalic with 
Turanian speech, is nothing but the wildest random thought ; it can convey no 
rational meaning whatever. We might as well say that all painters are dolicho- 
cenhalic, and all musicians hrachycephalic, or that all lophocomic tribes work in 
gold, and all lissocomic tribes in silver. 

If anything must be ascribed 't(3 prehistoric times, surely the differentiation of 
the human skull, the human hair, and the human skin, would have to he ascribed 
to that distant period. No one, 1 believe, has ever maintained that a mesocephalic 
skull was split or differentiated into a dolichocephalic and a hrachycephalic variety 
in the bright sunshine of history. 

But let us, for the sake of argument, assume that in prehistoric times all doli- 
chocephalic people spoke Aryan, all mesocephalic, Semitic, all hrachycephalic, 
Turanian languages; how would that help us? 

So long as we know anything of the ancient Aryan, Semitic, and Turanian 
languages, we find foreign words in each of them. This proves a very close and 
historical contact between them. For instance, in Babylonian texts of 3000 B.O. 
there is the word sindhu for cloth made of vegetable fibres, linen. That can only 
he the Sk. sindhu, the Indus, or saindhava, what comes from the Indus. It would 
be the same word as the Ilomeric cnvhiiv, fine cloth. ^ In Egyptian we find so 
many Semitic words that it is difficult to say whether they were borrowed or 
derived from a common source. I confess I am not convinced, but Egyptologists 
of high authority assure us that the names of several Aryan peoples, such as the 
Sicilians and Sardinians, occur in the fourteenth century u.c., in the inscriptions of 
the time of Meneplithah I. Again, as soon as we know anything of the Turanian 
languages — Finnish, for instance — we find them full of Aryan words. All this, it 
may be said, applies to a very recent period in the ancient history of humanity. 
Still, we have no access to earlier documents, and we may fairly say that this close 
contact which existed then existed, probably, at an earlier time also. 

If, then, we have no reason to doubt that the ancestors of the people speaking 
Aryan, Semitic, and Turanian languages lived in close proximity, would there not 
have been marriages between them; so long as they lived in peace, and would they 
not have killed the men and carried off the women in time of war ? What, then, 
would have been the effect of a marriage between a dolichocephalic mother and a 
hrachycephalic father? The materials for studying this question of mHissage, as 
the French call it, are too scanty as yet to enable us to speak with confidence. 
But whether the paternal or the maternal tjpe prevailed, or whether their union 
gave rise to a new permanent variety, still it stands to reason that the children of 
a dolichocephalic captive woman might be found, after fifty or sixty years, speak- 
ing the language of the hrachycephalic conquerors. 

It has been the custom to speak of the early Aryan, Semitic, and Turanian 
races as large swarms — as millions pouring from one country into another. It has 
been calculated that these early nomads would have required immense tracts of 
meadow land to keep their (locks, and that it was the search of new pastures that 
drove them, by an irresistible force, over the whole inhabitable earth. 

This may have been so, but it may also have not been so. Anyhow, wo have 
a right to suppose that, before there were millions of human beings, there were at 
first a few only. We have been told of late that there never was a first man ; hut 
we may he allowed to suppose, at all events, that there were at one time a few 
first men and a few first women. If, then, the mixture of blood by marriage and 
the mixture of language in peace or war took place at that early time, when the 
world was peopled by some individuals, or by some hundreds, or by some thousand^ 
only, think only what the necessary result* would have been. It has been calcu- 
lated that it would require only GOO years to populate the whole earth with the 


* Physical Religion^ p, 8’’, 
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defendants of one couple, the first father being dolichocephalic and the first 
mother brachycephalic. They might, after a time, all choose to speak an Aryan 
language, but they could not choose their skulls, but would have to accept them 
from nature, whether dolichocephalic or brachycephalic. 

Who, then, would dare at present to lift up a skull and say this skull must 
have spoken an Aryan language, or lift up a language and say this language must 
have heen spoken by a dolichocephalic skull ? Yet, though no serious student would 
any longer listen to such arguments, it takes a long time before theories that were 
maintained for a time by serious students, and were then surrendered by them, can 
be completely eradicated. I shall not touch to-day on the hackneyed question of 
the ‘ Home of tlieAryas’ except as a warning. There are two quite distinct 
questions concerning the home of the Aryas. 

When students of Philology speak of Aryas, they mean by Aryas nothing 
hut people speaking an Aryan language. They attirm nothing about skulls, skins, 
hair, and all the rest. Arya with them means speakers of an Aryan language. 
When, on the contrary, students of Physiology speak of doliclioceplialic, ortho- 
gnathic, euthycomic people, they speak of their physiological characteristics only, and 
affirm nothing whatever about language. 

It is clear, therefore, that the home of the Aryas, in the proper sense of that 
word, can be determined by linguistic evidence only, while the home of a blue- 
eyed, blond-haired, long-skulled, fair-skinned people can be determined by physio- 
logical evidence only. Any kind of concession or compromise on either side is 
simply fatal, and has led to nothing hut a promiscuous slaughter of innocents. 
Separate the two armies, and the whole physiological e^idence collected by 
D’Omalius dTIalloy, Latham, and their followers will not fill more than an octavo 
page; while the linguistic evidence collected by Penfey and his followeis will 
not amount to more than a few words. Everything else is mere rhetoric. 

The physiologist is grateful, no doubt, for any additional skull who.so historical 
antecedents can be firmly established ; the philologist is grateful for any additional 
word that can help to indicate the historical or geographical whereabouts of the 
unlinowii speakers of Aryan speech. On these points it is possible to argue. 
They alone have a really scientific value in the eyes of a stdiolar, Lioause, if there 
is any diflerence of opinion on them, it is pos.sible to come to an agreemimt. As 
soon, however, as we go beyond these mere matters of fact, which have heen 
collected by real students, everything becomes at once mere vanity and vexation 
of spirit. I know the appeals that have lieen made for concessions and some kind 
of compromise between Physiology and Philology; but honest students know that 
on scientific subjects no compromise is admissible. With regard to the home of 
the Aryas, no honest philologist will allow liimself to he driven oiW step beyond 
the statement that the unknown ])eopIe who spoke Ar}an languages^were, at one 
time, and before their final separation, settled somewhere in Asia. That may seem 
very small comfort, but for the present it is all that we liave a right to say. Even 
this must be taken with the limitations which, as all true scholars know, apply to 
speculations concerning what may have happened, say, five thousand or ten 
thousand years ago. As to the colour of the skin, the liair, the eyes of those 
unknown speakers of Aryan speech, the scholar says nothing ; and when he .^’peaks 
of their blood he knows that such a word can he taken in a metaphorical sense 
only. If we once step from the narrow domain of science into the vast wilderness 
of mere assertion, then it does not matter what we say. We may say, with Peiika, 
that all Aryas are dolichocephalic, blue- eyed, and blond, or we may say, with 
Pi^trement, that all Aryas are brachycephalic, with brown eyes and black hair,^ 
There is no difference between the two assertions. They are both perfectly un- 
meaning. They are vox et jiroiterea nihil. May I be allowed to add that Latham’s 
theory of the European origin of Sanskrit, which has lately heen represented as 
marking the newest epoch in the study of Anthropology, was discussed by mo in 
the * Edinburgh Review ’ of 1 851 ? 

My experiences during the last forty years have only served to confirm the 
* V, d. Gheyn, 1889, p. 26. 
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opinion which I expressed forty years ago, that there ought to be a complete sepa* 
ration between Philology and Physiology. And yet, if I were asked whether such 
a divorce should now be made absolute, I should say. No. There have been so 
many unexpected discoveries of new facts, and so many surprising combinations of 
old facts, that we must always be prepared to hear some new evidence, if only that 
evidence is brought forward according to the rules which govern the court of true 
science. It may be that in time the classification of skulls, hair, eyes, and skin 
may be brought into harmony with tlie classification of language. We may even 
go so far as to admit, as a postulate, that the two must have run parallel, at least 
in the beginning of all things. Ilut with the evidence before us at present mere 
wrangling, mere iteration of exploded assertions, mere contradictions, will produce 
no efiect on that true jury which in every country hardly ever consists of more 
than twelve trusty men, but with whom the final verdict rests The very things 
that most catch the popular ear will by them be ruled out of court. But every 
single new word, common to all the Aryan languages, and telling of some climatic, 
geographical, historical, or physiological circumstance in the earliest life of the 
speakers of Aryan speech, will be truly welcome to philologists quite as much as 
a skull from an early geological stratum is to the physiologist, and both to the 
anthropologist, in the widest sense of that name. 

But, if all this is so, if the alliance l)‘^tweon Philolog;^^ and Physiology has 
hitherto done nothing hut mischief, what right, it may he asked, liad I to accept the 
honour of presiding over this Section of Anthropology P If you will allow me to 
occupy your valuable time a little longer, I shall explain, as shortly as possible, 
why I tliougbt that I, as a philologist, might do some small amount of good as 
President of the Anthropological Section. 

In spite of all that I have said against the unholy alliance between Physiology 
and Philology, I have felt for years — and I believ e I am now supported in my opinion 
by all competent anthropologists — that a knowledge of languages must be con- 
sidered in future as a sine qua non for every anthropologist. 

Anthropology, as you know, has increased so rapidly that it seems to say now, 
Nihil hiimani a me alienum puto. So long as Anthropology treated only of the 
anatomy of the human body, any surgeon might have become an excellent anthro- 
pologist. But now, when Anthro]>ology includes the study of the earliest thoughts 
of man, his customs, his laws, his traditions, his legends, his religions, ay, ev^en 
his early philosophies, a student of Anthropology without an accurate knowledge of 
languages, without the conscience of a scholar, is like a sailor without a compass. 

No one disputes this with regard to nations who possess a literature. No one 
would listen to a man describing the peculiariiie.s of the Greek, the Boman, the 
Jew, the Arab, the Chinese, without knowing their languages and being capable 
of reading the master-works of their literature. We know how often men wlio 
have devoted the whole of their life to the study, for instance, of Hebrew differ 
not only as to the meaning of certain words and passages, but as to the very 
character of the Jews. One authority states that the Jews, and not only the Jews, 
but all Semitic nation.s, were possessed of a monotheistic instinct. Another 
authority shows that all Semitic nations, not excluding the Jews, were polytheistic 
in their religion, and that the Jehovah of the Jews was not conceived at first as 
the Supreme Deity, but as a national god only, as the God of the Jews, who, 
according to the latest view, was originally a fetish or a totem, like all other gods. 

You know how widely classical scholars differ on the character of Greeks and 
Romans, on the meaning of their customs, the purpose of their religious cere- 
monies — nay, the very essence of their gods. And yet there was a time, not very 
long ago, when anthropologists would rely on the descriptions of casual travellers, 
who, after spending a few weeks, or even a few years, among tribes whose language 
was utterlyunknown to them, gave the most marvellous accounts of their customs, 
their laws, and even of their religion. It may be said that anybody can describe 
what he sees, even though unable to converse with the peo])le. I say, Decidedly 
no ; and I am supported in this opinion by the most competent judges. Dr. 
Codrington, who has just published his excellent book on the ‘Melanesians: Their 
Anthropology and Folk-lore,’ spent twenty-four years among the MelanesianSj 
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learning their dialects, collecting: their le^ds, and makinf? a sjjrstematic study of 
their laws, customs, and superstitions. But what does he say m his preface P * 1 
have felt the truth/ he says, * of what Mr. Fison, late missionary in Fiji, has 
written : When a European has been living for two or three years among 
savages, he is sure to be fully convinced that he knows all about them ; w'hen he 
has been ten years or so amongst them, if he be an observant man, he knows that 
he knows very little about them, and 80 begins to learn.”* 

How few of the hooks in which we trust with regard to the characteristic 
peculiarities of savage races have been written by men who have lived among 
them for ten or twenty years, and who have learnt their languages till they could 
speak them as well as the natives themselves ! 

It is no excuse to say that any traveller wlio has eyes to see and ears to bear 
can form a correct estimate of the doings and sayings of savage tribes. It is not 
so, and anthropologists know from sad experience that it is not so. Suppose a 
traveller came to a camp where he saw thousands of men and women dancing 
round the image of a young bull. Suppose that the dancers were all stark naked, 
that after a time they began to fight, and that at tlie end of their orgies there 
were three thousand corpses lying about weltering in their blood. Would not a 
casual traveller have described such savages as w'orse than the negroes of Dahomey f 
Yet these savages were really the Jews, the chosen people of God. The image 
was the golden calf, the priest was Aaron, and the chief who ordered the raassaci*e 
w'as Moses. We may read the 32nd chapter of Exodus in n very diflerent sense. 
A traveller who could have conversed with Aaron and Moses might have under- 
stood the causes of the revolt and the necessity of the massacre. But without 
this power of interrogation and mutual explanation, no travellers, however graphic 
and amusing their stories may be, can bo trusted ; no statements of theirs can be 
used by the antliropologist for truly scientific purposes. 

From the day when this fact was recognised by the highest authorities in 
Anthropology, and was sanctioned by some at least of our anthropological, ethno- 
logical, and folk-lore societies, a new epoch began, and Philology recened its right 
place as the handmaid of Anthropology. The most important paragraph in our 
new charter was this, that in future no one is to be quoted or relied on as an 
authority on tlie customs, traditions, and more particularly on the religious ideas 
of uncivilised races who lias not ac(juired an acquaintance with tlieir language, 
sufficient to enable him to converse with them freely on these difficult subjects. 

No one would object to this rule when we have to deal with civilised and! 
literary nations. But tlie languages of Africa, America, Polynesia, and even 
Australia are now being studied as formerly f 4 reek, Latin, Hebrew, and Sanskrit 
only were studied. You have only to compare the promiscuous descriptions of the 
Hottentots in the works of the best ethnologists with the researches of a real 
Hottentot scholar like Dr. Hahn to see the advance that has been made. Wlien 
we read the books of Bishop Callaway on the Zulu, of William Gill and ICdward 
Tregear on the Polynesians, of Horatio Hale on some of the North American races, 
we feel at once that we are in safe hands, in the hands of real scholars. Even then 
we must, of course, remember that their knowledge of the languages cannot com- 
pare with that of Bentley, or Hermann, or Burnouf, or Ewald. Yet we feel that 
we cannot go altogether wrong in trusting to their guidance. 

I venture to go even a step further, and I lielieve the time will come when no 
anthropologist will venture to write on an 5 'thing concerning the inner lifV* of man 
without having himself acquired a knowledge of the language in which tliat inner 
life finds its truest expression. 

This may seem to be exacting too much, hut you have only to look, for instance, 
at the descriptions given of the customs, the laws, the legends, and the religious 
convictions of the people of India about a hundred years ago, and before Sanskrit 
began to be studied, and you will be amazed at the utter caricature that is often 
given there of the intellectual state of the Brahmans compared with what we* 
know of it now from their own literature. 

And if that is the case with a people like the Indians, who are a civilised race, 
possessed of an ancient literature, and well Within the focus of history for the last 
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jwo thousand years, what can be expected in the case of really savage races ? One 
can hardly trust one’s eyes when one sees the evidence placed before us by men 
whose good faith cannot be questioned, and who nevertheless contradict each other 
flatly on the most ordinary subjects. We owe to one of our secretaries, Mr. Ling' 
;^th, a most careful collection of all that has been said on the Tasmanians by eye- 
-witnesses. Not the least valuable pajtt of this collection is that it opens our eyes to 
the utter untrustworthiness of the evidence on which the anthropologist has so 
often had to rely. In an article on Mr. lloth’s book in ‘ Nature,’ I tried to show 
that there is not one essential feature in the religion of the Tasmanians on which 
different authorities have not made assertions diametrically opposed to each other. 
Some say that the Tasmanians have no idea of a Supreme Being, no rites or 
ceremonies; others call their religion Dualism, a worship of good and evil spirits. 
Some maintain that they had deified the powers of nature, others that they were 
Devil-worshippers. Some declare their religion to be pure monotheism, combined 
with belief in the immortality of the soul, the efficacy of prayers and charms. Nay, 
even the most recent article of faith, the descent of man from some kind of animal, 
has received a religious sanction among the Tasmanians. For Mr. Horton, who is 
not given to joking, tells us that they believed ‘ they w ere oiigiually formed with 
tails, and without knee-joints, by a benevolent being, and that another descended 
from heaven and, compassionating the suffereis, cut oft* their tails, and with grease 
softened their knees.’ 

I would undertake to show that what applies to the descriptions given us of 
the now extiuct race of the Tasmanians applies ■with equal force to the descrip- 
tions of almost all the savage races with whom anthropologists have to deal . In 
the case of largo tribes, such as the inhabitants of Australia, the contradictory 
evidence may, no doubt, be accounted for by the fact that the observations were 
made in difterent localities. But the chief reason is always the same — ignorance of 
the language, and therefore want of sympathy and impossibility of mutual expla- 
nation and correction. 

Let me in conclusion give you one of the most flagrant instances of bow a whole 
race can be totally mhrepresented by men ignorant of their language, and how 
these misrepresentations are at once removed if travellers acquire a knowledge 
of the language, and tlius have not only eyes to see, but ears to liear, tongues to 
speak, and hearts to feel. 

No race has been so cruelly maligned for centuries as the inhabitants of the 
Andaman Islands. An Arab writer of the ninth century states that their com- 
plexion was frightful, their hair frizzled, their countenance and eyes terrible, their 
feet very large and almost a cubit in length, and that tliey go quite naked. Marco 
Polo (about 1285) declared that the inhabitants are no better than wild bet^ts, and 
he goes on to say : ‘ I assure you, all the men of this island of Angaraanain have 
heads like dogs, and teeth and eyes likew ise ; in fact, in the face they are just like 
big mastifl* dogs.’ 

So long as no one could be found to study their languasre there^ was no ap- 
peal from these libels. But when, after tbe Sepo}^ mutiny in 1857, it was neces- 
sary to find a habitation for a large number of convicts, the Andaman Islands, 
which had already served as a penal settlement on a smaller scale, became a large 
penal colony under Fnglish oflicers. The havoc that w^as wrought by this sudden 
contact between the Andaman Islanders and these civilised Indian convicts was 
terrible, and the end will probably be the same as in Tasmania — the native popula- 
tion will die out. Fortunately one of the English officers (Mr. Edw^ard Horace 
Man) did not shrink from the trouble of learning the language spoken by these 
islanders, and, being a careful obseiwer and perfectly trustworthy, he has given 
us some accounts of the Andaman aborigines which are real masterpieces of an- 
thropological research. If these islanders must he swept away from the face of the 
earth, they will now at all events leave a 'good name behind them. Even their 
outward appearance seems to become different in tbe eyes of a sympathising ob- 
server from what it was to casual travellers. They are, no doubt, a very small 
race, their average height being 4 ft. lOJ in. But this is almost the onlj 
charge brought against them which Mr. Man has not been able to rebut. Their 



hair, he says, is fine, very closely curled, and frizzly. Their colour is dark, biit 
not absolutely black. Their features possess little of the most marked and coarser 
peculiarities of the negro type. The projecting jaws, the prominent thick lips, the 
broad and flattened nose of the genuine negro are so softened down as scarcely to 
be recognised. 

But let us hear now what Mr. Man has to tell us about the social, moral, and 
intellectual qualities of these so-called savages, who had been represented to us as 
cannibals ; as ignorant of the existence of a deity ; as knowing no marriage, except 
what by a bold euphemism has been called communal marriage ; as unacquainted 
with fire ; as no better than wild beasts, having heads, teeth, and eyes like dogs — 
being, in fact, like big mastiffs. 

‘ J^fore the intr^uction into the island.s of what is called European civilisa- 
tion, the inhabitants,’ Mr. Man writes, ‘ lived in small villages, their dwellings 
built of branches and leaves of trees. They were ignorant of agriculture, and 
kept no poultry or domestic animals. Their pottery was hand-made, their clothing 
very scanty. They were expert swimmers and divers, and able to manu- 
facture well-made dug-out canoes and outriggers. They were ignorant of metals, 
ignorant, we are told, of producing Are, though they kept a constant supply of 
burning and smouldering wood. They made use of shells for their tools, had 
stone hammers and anvils, bows and arrows, harpoons for killing turtle and fish. 
Such is the fertility of the island that they have abundance and variety of food all 
the yeal* round. Their food was invariably cooked, they drank nothing but water, 
and they did not smoke. People may call this a savage life. I know many a 
starving labourer who would gladly exchange the benefits of European civilisation 
for the blessings of such savagery.’ 

These small islanders who have always been represented by a certain class of 
anthropologists as the lowest stratum of humanity need not fear comparison, so far 
as their social life is concerned, with races who arc called ci\ ilised. 8o far from 
being addicted to what is called by the sidf-contradiotory name of communal 
marriage, Mr. Man tells us that bigamy, polygamy, polyandry, and divorce are 
unknown to them, and that the marriage contract, so far from being regarded as a 
merely temporary contract, to be set aside on account of incompatibility of temper 
or other such causes, is never dissolved. Conjugal ildelity till death is not the 
exception but the rule, and matrimonial difierences, wliich occur but rarely, are 
easily settled with or without the intervention of friends. One of the most 
striking features of their social relations is the marked equality and affection which 
exist between husband and wife, and the consideration ami respect with which 
women are treated might, with advantage, he emulated by certain classes in our 
own land. As to cannibalism or infanticide, they are nev(;r practised by them. 

It is easy to say that Mr. Man may he prejudiced in favour of these little savages 
whose language he has been at so much pains to learn. Fortunately, however, all 
his statements have lately been confirmed by another authority, Colonel Oadell 
— the Chief Commissioner of these islands. He is a Victoria Cross man, and not 
likely to be given to overmuch sentimentality. Well, this is what he says of these 
fierce mastiffs, with feet a cubit in length: — 

They are merry little people, he says. One could not imagine how taking 
they were. Everyone who had to do with them fell in love with them (these tierce 
mastiffs). Contact with civilisation had not improved the morality of the natives, 
but ill their natural state they were truthful and honest, generous and self-denying. 
He had watched them sitting over their fires cooking their evening meal, and it 
was quite pleasant to notice the absence of greed and the politeness with wliich 
they picked off the tit-hits and thrust them into each other’s mouths. The forest 
and sea abundantly supplied their wants, and it was therefore not surprising that 
the attempts to induce them to take to cultivation had been quite unsuccessful, 
highly though they appreciated the rice and Indian corn which were occasionally 
supplied to them. All was grist that came to their mill in the shape of food. The 
forest supplied them with edible roots and fruits. Bats, rats, flying foxes, iguanas, 
sea-snakes, molluscs, wild pig, fish, turtle, and last, though not least, the larvse of 
beetles, formed welcome additions to their larder. He remembered one morning 



6v aictEON h. 


7flS 


landing by chance at an encampment of theirs, under the shade of a ^antic forest 
tree. On one fire was the shell of a turtle, acting as its own pot, in which was 
simmering the green fat delicious to more educated palates; on another its fleeh 
was being broiled, together with some splendid fish ; on a third a wild pig was 
being roasted, its drippings falling on wild yams, and a jar of honey stood close by, 
all delicacies fit for an alderman’s table. 

These are things which we might suppose anybody wbo has eyes to see, and 
who is not wilfully blind, might have observed. But when we come to traditions, 
laws, and particularly to religion, no one ought to be listened to as an authority 
who cannot converse with the natives. For a long time the Mincopies have been 
represented as without any religion, without even an idea of the Godhead. This 
opinion received tlie support of Sir John Lubbock, and has been often repeated 
without e\er having been re-examined. As soon, however, as these Mincopies 
began to be studied more carefully — more particularly as soon as some persons 
resident among them had acquired a knowledge of their language, and thereby a 
means of real communication — their religion came out as clear as daylight. Accord- 
ing to Mr. E. H. Man, they have a name for God — Tuluga, And how can a race be 
said to he without a knowledge of God if they have a name for God ? P{iluga has 
a very mythological character. He has a stone house in the sky ; he has a wife, 
whom he created himself, and from whom he has a large family, all, except the 
eldest, being girls. The mother is supposed to bo green (the earth H), the daughters 
black ; they are tlie spirits, called Morowin ; his son is called Fijehor. He alone 
is permitted to live with his father and to convey his orders to the Morowin, But 
Puluga was a moral character also. His appearance is like lire, though nowadays 
he has become invisible. He was never horn, and is immortal. The whole world 
was created 1)y liim, except only the powers of evil. He is omniscient, knowing 
even the thoughts of the heart. lie is angered by the commission of certain 
sins — some very trivial, at least to our mind — hut he is pitiful to all who are in 
distress. He is the judge from whom each soul receives its sentence after death. 

According to other aiitliorities, some Andamanese look on th(i sun as the foun- 
tain of all that is good, the moon as a minor power ; and they believe in a number 
of inferior spirits, the spirits of the foiest, the water, and the mountain, as agents 
of the two higher powers. They believe in an evil spirit also, who seems to have 
been originally tlie spirit of the storm. Him they try to pacify by songs, or to 
frighten away with their arrows. 

I suppose T need say no more to show how indispensable a study of language 
is to every student of Anthropology. If Anthropology is to maintain its high 
position as a real science, its alliance witli linguistic studies cannot be too close. 
Its weakest points have always been tliose where it trusted to the statements of 
authorities ignorant of language and of the science of language. Its greatest 
triumphs have been achieved by men such as Dr. Hahn, Bishops Callaway and 
Colenso, Dr. VV. Gill, and last, not least, Mr. Man, who have combined the minute 
accuracy of the scholar with the comprehensive grasp of the anthropologist, and 
were thus enabled to use the key of language to unlock the perplexities of savage 
customs, savage laws and legends, and, particularly, of savage religions and 
mythologies. If this alliance between Anthropology and Philology becomes real, 
then, and then only, may we hope to see Bunsen’s prophecy fulfilled, that Anthro- 
pology will become the highest branch of that science for which this British 
Association is instituted. 

Allow mo in conclusion once more to quote some prophetic words from the 
Address which Bunsen delivered before our Section in 1847 : — 

^ If man is the apex of the creation, it seems right, on the one side, that a his- 
torical inquiry into his origin and development should never be allowed to sever 
itself from the general body of natural science, and in particular from Physiology. 
But, on the other side, if man is the apex of the creation, if he is the end to 
which all organic formations tend from the very beginning, if man is at once the 
mystery and the key of natural science, if that is the only view of natural science 
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worthy of our age, then Ethnological Philology (X should prefer to say Anthro- 
pology), once established on principles as clear as the physiological are, is the 
h^hest branch of that science for tne advancement of which this Association is 
instituted. It is not an appendix to Physiology or to anything else ; but its object 
is, on the contrary, capaole of becoming the end and goal of the labours and 
transactions of a scientific association.’ 

Much has been achieved by Anthropology to justify these hopes and fulfil the 
prophecies of my old friend Bunsen. men live to see the fulfilment of their 

own prophecies, but they leave disciples whose duty it is to keep their memory 
alive, and thus to preserve that vital continuity of human knowledge which alone 
enables us to see in the advancement of all science the historical evolution of 
eternal truth. 


The following Papers and Report were read : — 

1 . The Social and Religious Ideas of the Chinese, as illustrated in the Ideo- 
graphic Characters of the Language. Bg Professor R. K. Douglas. 

The paper begins with a short introduction, showing that the Cliinose ideo- 
graphic characters are picture-writings, and that as such they supply an interpre- 
tation of the meaning of words as these were understood by the inventors of the 
characters representing them. 

Following on this is an account of the earliest or hieroglyphic form of the 
writing, with examples, and the development of this resulting in the ideographic 
characters. These are taken as being illustrative of the ideas of the people on 
political, social, scientific, and religious ideas. For example, the importance which 
was attached to the qualities of a sovereign is exemplified in the choice of the 
symbol employed to express a supreme ruler, the component parts of which together 
signify * ruler of himself.’ By means of the same grapliic system a kingdom is 
shown as * men and arms within a frontier.’ Passing to the social habits of the 
people, their domestic life is illustrated by a number of ideograms de8cri}>tive of 
their household arrangements and relationships. In succession are traced in the 
written characters the ideas associated with men and women, their virtues and 
their failings ; the notions associated with marriage ; and the evidences of pastoral 
as well as of agricultural habits among the people. Turning to the popular 
religious faiths it is shown how prominent is the belief in the god of the soil, whrise 
presence brings blessings, and whose averted countenance is followed by mis- 
fortune. The ideas associated with objects of nature are next treated of, and the 
paper concludes with references to the coinage of the country as described in the 
ideograms employed to represent its various forms. 


2. On recent Progress in the Analgsis of Vow el- sounds. 

By R. J. Lloyd, I).LiL, M.A. 

The object of this paper is to direct attention to three sets of researches which 
have recently been carried on by three different observers in various parts of 
Europe — viz., Professor Ijiidiman Hermann, of Kdnigaberg, Dr. Hugo Pipping, of 
Helsingfors, and the writer of the memoir. Pipping’s researches were carried 
out by means of Hensen’s * Sprachzeichner ’ or * Phonautograph ’ ‘ with certain 
modifications. Hermann’s apparatus is identical in principle, but totally ditferent 
in detail.^ The vibrations oi a phonographic plate are communicated to a mirror, 
and a ray of light is so directed upon the mirror as to record the vibrations of the 
latter upon the sensitive surface of a cylinder revolving at some distance. The 
writer’s researches are based upon an examination and partial imitation of the 
shapes of the cavities which are created in the mouth and throat for the produc- 
tion of vowels, followed by calculation and observation of the resonances properly 
belonging to them. 

* See Zeitschrift fur Biologies vol. xxiii. p. 291. 

* Pfliiger’s Aroliiv fur die gesamvite Physiologies vols, xlv. and xlvii. 
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Pippinff and Hermann have both given their attention exclusively to the sung 
vowels. The writer of the memoir at first gave bis attention exclusively to the 
whispered vowels, but has endeavoured, in bis published articles on speech-sounds, 
since the appearance of the other writers’ results, to bring his results into touch 
with' theii-s.^ 

The questions about which all three writers are more or less concerned are 
briefly these : Has each vowel one characteristic tone, or more ? What is this 
concomitant tone (or concomitant tones) for each vowel P Is this tone (or are 
these tones) of variable or constant pitch? Is it (or are they) harmonic, 
in a sung vowel, to the note which is sung ? Does the resonance (or do the 
resonances) of a given vowel remain constant in the same individual through the 
whole compass of his voice ? If the resonances are plural, have they any fixed 
relation to each otlier ? These questions are answered dilferently by all the three 
writers, who nevertheless present some remarkable points of agreement in this 
hitherto chaotic branch of knowledge. The writer of the memoir is chiefly con- 
cerned with the answer to the last of the above-named questions, believing that 
all the leading vowels are distinguished by the possession of two resonances, no4; 
fixed in themselves, but bearing a fixed relation to each other. 


3. Family Life of the Haidas {Queen Charlotte IsJaryis)* 

By the Rev. Charles Harrison. 

The ITaidas seem to be related from the lowest in rank to the supreme chief of 
the nation ; but they are divided into certain families or crests, and members of the 
same crest are not allowed to intermarry. 

The houses of the old Ilaidas are square and built with cedar hewn to 
the proper proportions with stone adzes or axes, having been erected before iron 
implements were known to the Haidas. Some of the houses are built over pits, 
which serve as a protection from dampness, from smoke, and from sudden attacks 
of enemies. In the centre of the pit is the camp fire, which is kept burning day and 
night during the winter months ; and around it the Indians sleep and the children 
play. The Ilaidas feed twice in the day — early in the morning and after the 
day’s work is over. They have a great variety of food, and grow turnips, potatoes, 
and other vegetables, sutficient to last them for the year. 

* Queen (fiiarlotte Islands were formerly ruled by a single king, but now each 
village has its chief, whose rank and authority are transmitted, at his death, to a 
nephew or some other relative ; but it is impossible according to Haida laws for a 
son to succeed his father or even to take his name. 

Infants are left much to themselves, but are seldom either bound to a board, or 
tied up in such a way as to interfere with their movements. 

As soon as a girl reaches puberty her lower lip is pierced, and the orifice is en- 
larged from time to time, according to her marriage and the number of children she 
bears, so that it is really a mark of caste. 

Marriage is by purchase, but the choice is limited to members of a certain sept 
or crest ; thus, the bear must marry an eagle, and the frog must marry a whale. 
The children always take the crest of their mother. 

There is no dilficulty about divorce when man and wife tire of one another. 

The women are very fond of ornaments; the younger ones wear earrings 
similar to those worn by Hnglish ladies, while the ears of the older women are 
pierced in two or three places, and pieces of bone and wood were formerly inserted 
and worn continually. Nose-rings are still worn among the Haidas, but only the 
old Indians have their noses pierced, and the ring is seldom used except when in 
full dress for the dance or the feast. 

The Haidas are tall and well-proportioned, and are exceedingly strong. Their 
Intellectual power exceeds that of the ordinary coast Indians. The older men have 
no hair on their faces, but the younger men endeavour to cultivate whiskers 
and raoustachios in imitation of the whites. 


* See Plionetische Studieut vols. iii,, iv., and v. 
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Funerals are conducted with much ceremony, the preparations being made by 
members of that crest from which the deceased was bound to choose his wife. 
After the funeral is over all the people are feasted by the deceased man's nephew, 
who then assumes his uncle’s title and property. 


4. Report of the North-Western Tnhes of Canada Committee, 
See Reports, .p. 407. 


5. On the Worh of Major J. W. Potvelly Director of the U.S. Ethnological 
Bureau, Bij Professor Max Muller, M.A. 

Prof. Max Muller stated that be had just received proof sheets of a most 
important publication on the classification of the Indian languages spoken in 
Amoiica. It is a splendid piece of workmanship from Major Powell, the inde- 
fatigable director of the American Bureau of Ethnology. The publications of 
that bureau count among the most valuable contributions to anthropological 
science, and they reflect the highest credit, not only on Major Ik.well and his 
fellow-workers, but also on the American Government, which has sanctioned a very 
large outlay for the prosecution of these studies. There is no stint in the way in 
which these volumes are brought out, and most of the papei-s contained in them 
inspire the student with tliat confidence which can only be produced by honest, 
conscientious, and truly scholar-like work. Our American friends liave perceived 
that it is a national duty to preserve as much as can still bo preserved of the 
languages and thoughts of the indigenous races who were the earliest dwellers on 
American soil. They know that the study of what he himself had ventured to 
call intellectual geology is quite as important as that of terri'strial geology, and 
that the study of the lower strata contains tlie key to a right understanding 
of the higher strata in the growth of the human mind, doming generations will 
call us to^ account for having allowed the old world to vanish without trying to 
preserve its records. People who ask what can be the use of preserving the 
language of the Mohawks forget what we should give if some scholar at the 

time ot Cato or Cmsar had written down Avhat many could then easily have done 

a grammar of the Etruscan language. 

Some years ago Prof. Max Muller succeeded in persuading a Secretary of State 
for the Colonies that it was the duty of the English Government to publish a 
series of colonial records containing trustworthy information on the languages, 
customs, laws, religions, and monuments of the races inhabiting the English 
colonies. Lord Granville saw that such an undertaking was a national duty, and 
that the necessary funds should be contributed by the various colonies. \Vhat a 
magnificent work this would liave been ! But while tlie American Government 
has pushed forward its work, Lord Granville’s scheme expired in the pigeon-holes 
of the Colonial Office. America may well be proud of Major Powell, who would 
not allow the treasures collected by various scholars and Government officials to 
moulder and perish. He is a true enthusiast— not a man of mere impulse and good 
intentions, but a man of sustained effort in his work. He deserves the hearty 
thanks of our Association, which Professor Max Muller felt proud to be allowed to 
tender to him in the name of the Anthropological Section. 
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FRIDAY, AUGUST 21. 

Tlie following Papers were read : — 

1 . On the Ancient Language of the Natives of Tenerife, 

By the Marqdess op Bute, K.T., Mayor of Cardiff. 

The author read a portion of a long paper, written by him, On the Ancient 
Language of the Natives of Tenerife,' a language which must have become extinct 
not earlier than 1650. The paper was based upon the materials collected in the 
second volume of the ^ Estudios Jlistoricos, Olimatologicos y Patologicos’ de las 
Islas Canarias,’ by l)r. Gregory Chil y Naranjo, of Las Palmas, in Grand Canary, 
published in 1880, with the addition of farther matter communicated by the 
llev. Claudio Marrero and Don Manuel do ()8.snna, from their own researches, or 
collected in the Canary Islands and elsewhere by Mr. De Gray Birch, of the British 
Museum. 

The author mentioned the disputed point as to whether the Tenerifan language 
was or was not cognate to those of the other islands of the Archipelago, and also 
whether the inhabitants w’ere of one or of several races, lie confined himself 
exclusively to the Tenerifan language, and explained the difficulties besetting the 
study owing to the imperfect manner in which the existing remains have been 
transmitted to us in a variety of forms of phonetic spelling by different more or 
less illiterate Spanish writers. 

Three separate opinions have been maintained as to the nature of the Tenerifan 
language, some holding it to be of an American family, some a Berber or African 
dialect, and some Teutonic. 

The author discinsscd at length a set of about seventy words which have known 
meanings, comparing them with words of similar meaning m other languages, but 
mentioned that a vast number of other words are known which are either proper 
names of places or the names of plants or other things generally peculiar to the 
islands, lie then analysed and discussed the nine complete sentences which are 
known to exist and proceeded to give a summary of the results at whicli he had 
arrived as to grammar, lie considered it certain that there was a definite article 
in t, to whicli, however, there was often given a modified sound like that of t in the 
English termination -tion, and that among the nouns a regular feminine was 
formed by the termination -ha. lie considered it as in the highest degree probable 
that a plural or dual of nouns was formed in ~en, and that there existed a pre-form- 
ative of greatness or holiiie.'^s in ha-, and a post-formative of greatness in -to. Of 
case endings nothing appeared clear, but the author considered it possible that a 
possessive was formed for nouns, and personal terminations for verbs, by the addi- 
tion of pronominal suffixes, that of the first person being -ec, of tbe second -f, and 
of the third -th, and perhaps of the second person plural -era. lie also thought 
that the past tense may have been formed by prefixing ta- or tan-, and that there 
may have been a conjunction ua. 

Entering upon the question of a Berber or African origin, the author made a 
comparison from Basset’s ‘ ]\Laiiuel de Laiigue Kabyle,’ and, with regard to the 
American tlieory, from Breton’s ^ Grammaire Caraibe ’ and from Massi’s ‘ Manual 
del Idioma General del Peril.’ 

The author concluded by expressing the hope that more matter may be yet 
obtained, and greater results follow, from a deeper study of that which is known to 
exist. He disclaimed the intention of propounding .my dogmatic theory of his 
own, but the general tendency of the paper was in favour of ascribing the 
Tenerifan language to tlie Aryan family. 


' This paper has since been published in extemo by Messrs* J. Masters & Oo., 
78 New Bond Street, London. 
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2. On the Limits of Savage Beligion, 

By Edwaed B. Tylor, D,C.L,, FM.S, 

In defining the religious systems of the lower races, so as to place them cor- 
rectly in the history of culture, careful examination is necessary to separate the 
genuine developments of native theology from the effects of intercourse with civi- 
lised foreigners. Especially through missionary influence since 1500, ideas of 
-dualistic and monotheistic deities, and of moral government of the world, have 
been implanted on native polytheism in various parts of the globe. For instance, 
as has lately become clear by the inquiries of anthropologists, the world-famous 
Great Spirit of the North American Indians arose from the teachings of the Jesuit 
missionaries in Canada early in the seventeenth century. This and analogous 
names for a Supreme Deity unknown previously to native belief, have since spread 
over North America, amalgamating with native doctrines and ceremonial rites into 
highly interesting but perplexing combinations. The mistaken attribution to 
barbaric races of theological beliefs really belonging to the cultured world, as well 
as the development among these races of new religious formations under cultured 
influence, are due to several causes, which it is the object of this paper to examine. 
(1) Direct adoption from foreign teachers ; (2) the exaggeration of genuine native 
deities of a lower order into a God or Devil ; (3) the conversion of native words, 
denoting a whole class of minor spiritual beings, such as ghosts or demons, into 
individual names, alleged to be those of a Supreme Good Deity or a rival Evil 
Deity. Detailed criticism of the names and descriptions of such beings in accounts 
of the religious of native tribes of America and Australasia was adduced, giving 
in many cases direct proof of the beliefs in question being borrowed or developed 
under foreign iufluence, and thus strengthening the writer’s view that they, and 
ideas related to them, form no original part of the religion of the lower races. ’J'he 
problems involved are, however, of great difficulty, the only hope of their full 
solution in many cases lying in the researches of anthropologists and philologists 
minutely acquainted with the culture and languages of the districts ; while such 
researches will require to be carried out without delay, before important evidence, 
still available, has disappeared. 


3. ‘ Couvade* By H, Ling Roth. 

Couvade is the name of the curious cmstom which orders that when a child is 
born the father take.s to his sleeping corner and behaves as though he had brought 
forth. The origin of the word is French, from crnwer to hatch. To Europeans the 
custom appears barbarous in its treatment of the 'wdfe, who has to get up and go 
about her usual duties and perhaps now attend to the husband. Savage women 
do not suffer in labour to the same extent as the more civilised women do ; the 
reasons for this are explained on physiological grounds. In this inquiry the suffer- 
ings of the women may therefore be neglected. The geographical distribution of 
the custom ; it is met with in Europe, Asia, and mostly in America. Its existence 
in Africa is doubtful. In the West Indies and South America at the present day 
travellers frequently come across it as a living custom. In Australia it is unknown. 
It is mostly found to exist amongst people who live in isolated districts and who 
appear to have been driven from more fruitful lands. It is not found amongst the 
lowest class of savages nor amongst the highly civilised. Comparisons between 
the state of the large continents do not explain the causes of its distribution, but 
an ethnological examination will probably explain it. The reasons for practising 
the custom given by the people themselves and the explanations given by anthro- 
pologists and travellers are all equally at variance. Bacho fen’s original theory 
that the custom indicates the turning point in society from the maternal to the 
paternal finds new supjport at the present day. The apparent correctness of this 
theory is most convincing. But if this theory he correct why is the custom not 
found in Australia, where the mat society change is going on at the present 
day? Mr. im Thurn suggests that we should^ compare the custom with those 
apparently allied to it, and so get at its origin. The custom as practised by 
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savagfes briefly summarised in a table shows that the savage believes that there is 
some hidden link wliicli binds the new-born child to its father. Many curious 
beliefs are met with among the uncivilised showing similar belief in occult links or 
bonds or lines of force. These forms of belief are usually described under the 
general heading of witchcraft. Similarly in the custom of couvnde the action of 
the father is to avoid bewitching his child, so that the custom, if not wholly an 
explanation of the change of mother right to father right, may be in effect an 
example of an aberrant form of reasoning 


4. Ow the ‘ Morony ’ and other Customs of the Natwes of Assam. 

By S. E. Peal. 

The author shows that the institution of the ^ Morong,’ or club-house for the 
unmarried of both sexes, is very widely distributed over the whole of the Indo- 
Pacitic region ; and he argues that it is in fact a relic of pre-marriage communism. 
But this custom being so often found associated with others of a distinctly non- 
Aryan character, such as juming, tattooing, blackening the teeth, building on piles, 
head-hunting, ^^c., has led the author to suspect former racial affinity, even among 
such widely distinct types as Papuan and Mongol, Dravidian and Sawaiori. 

1 . The artificial blackening of the teeth is a fashion common amongst the Indo- 
Mongoloids and Bengalese ; and there can be little doubt that the custom in some 
way preserves the teeth from decay. 

2. The dislike of milk among the races bordering Assam is very general, possibly 
almost universal. 

d. The extension of the ear-lobes, by large plugs of various sorts, is a well- 
known custom of all these races. The Miribelles have the largest ear-plugs of any 
tribes in or about Assam ; they are made of silver, and not unlike napkin rings, 2 or 
24 inches in diameter by 1 inch in depth, the outside being closed by a large 
chased disc, d^he extended lobe passes round the ring in a wide shallow groove, 
like a band of vulcanised rubber. 

4. Numeral affixes are found in A.ssam, as among the Malay.s. 

5. Head hunting seems to be slowly dying out amongst the most eastern Nogas, 
and to the west of Dikhu River ; but in most Noga tribes the young men cannot 
be tattooed until they have got or actively assisted in getting a head, hands, or 
feet of some Noga, not of their own or of a friendly tribe. 

6. Tattooing in some tribes is on the face, in others on the body, and it is in 
some way a record of the numbers killed. 

7. Platform burial is general amongst the Nogas of East Assam for men and 
adult women ; it also prevails in Formosa, New Guinea, Borneo, vSoloraon Islands, 
New Britain, and amongst Ijushais, 

8. Communal houses of great length, 100 and 200 feet, are common in and 
around Assam; similar houses are found among the Dyaks of Borneo over 500 feet 
in length. 

0, Barracks for tlie unmarried young men, and occasionally also for girls, are 
common in and around Assam, among non- Aryan races. The institution is here 
seen in various stages of decline or transition. In the case of ^ head hunters ’ the 
young men’s barracks are invariably gv>ardhouscs at the entrances to the village, 
and those on guard day and night keep tally of the men who leave or return. 
They are also guest and council houses ; they contain skull trophies and the large 
war drums. In all cases there seem to be old and peculiar laws attaching to them, 
and in many instances they issue orders to the village. All these houses are 
strictly tabu to married women. 

10. Pile dwellings are a leading feature among most of the hill races about 
Assam, and the custom extends all down the peninsula, and throughout the 
archipelago, to the Solomon Islands in the south and Formosa in the north, The 
pattern of these pile dwellings no doubt varies greatlj , but there is a unity in the 
general plan which cannot ba accidental. 

11. The peculiar double-cylinder bellows, common in Burmah, Sumatra, Java, 
Madagascar, and the Philippines, is also used in and around Eastern Assam. 
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12. Bamboos pegf^ed to a tall tree stem as a ladder are used in Assam and by 
tbe Dyaks of Borneo. 

13. The ‘ jew’s-liarp ’ of New Britain, seen also in tbe Philippines, is very 
common in the lulls of Assam. 

14. The perinical bandage of New Guinea is also common amongst the Eastern 
Nogas. 

16. Nose-plugs, as in New Guinea, are seen among the Noga ivomen. 

16. Flat wooden discs on the posts of houses, to keep out rats and mice, abso- 
lutely identical with those seen in NewBritain, are also frequently met with in Assam, 

17. The hide cuirasses seen in the island of Nias, west of Sumatra, and cut 
from a single skin, are an almost exact counterpart of those occasionally seen 
among Nogas, and are both spear and arrow proof. 

18. Panjis or bamboo .spikes, planted for dtTenee in pathways, are as common 
in xVssam as among the inhabitants of New Guinea, and form another link in the long 
chain of evidence wliich tends to prove that the Papuan and Mongoloid are 
descended from a common stock. 

If). Hot stone cooking again is common in Assam as among the Papuans and 
other races, 

20. The custom of obtaining tiro by means of a long piece of cane passed under 
a dry log and pulled alternately by tlie right and left hand, so as to ignite some 
tinder placerl in a hollow underneatli, is ahsoliitely identical amongst Nogas, 
Papuans, and tlie Dyaks of Borneo. 

21. The huge canoe war drums appear to be the same as the ‘Lali ’ or canoe 
drums of the Fiji Island.^, and both are placed in semi-sacred houses, the Noga 
drums being in the * Morongs.’ The notable feature in these last being that they 
are veritable caiioes, 20 to .‘iO feet long h 3 ' 2.1 or 3 feet h('am, liollowed out of a 
tree stem, and in use b}' races who never euter, and in most cases liave not seen a 
canoe for ages. 

22. Cane hridge.s identical with those seen in New Guinea are found iwer^'where 
round Assam. 

23. The sy.stem of Juiii cultivation is pursued in and round Assam by most of 
tbe non-Aryan races in much the .same way as amongst the wilder races of the 
Indo-Paoidc region. 

24- The way in wliich Nogas and other hillmen notch footholds to ascend a 
tall tree is absolutelj'^ identical witli the custom of certain tribes in Au-stralia, who 
use stone axe.s. 


5. Burial Giistoms of Neto Britain. Bij the Rev. B. Hanks. 

The grave is u.sually dug in the house the deceased inlialjited while alive, or a 
light structure is erected over the grave to protect it from the rain. It i.s gene- 
rally not more than eighteen inche.s or two feet deep, and it is the custom for the 
women of the family, and .sometimes the men, to sleep upon it for a considemble 
time after tlie burial. A fire is also very often ligliterl upon or by the side of it, 
which is kept burning day and night for some time. Sometimes the grave is dug 
out in the open and lenced round with bamboos, the enclosure being kept in good 
oi*der by the friends, w^ho plant beautiful slirubs about it. They have also a 
method of calling to mind the circumstances and niod<‘ of death Rufferod by the 
departed by means of rude images cut out of the banana stem. Some have* a piece 
of wood Buspended from the neck ; others have pieces of liamhoo thrust into 
various parts of the body ; another may have a rudely fashioned tomahawk driven 
deeply into it. The tirst shows that the individual ri^prcsented has been clubbed, 
the second speared, the third tomahawked. The old men then instruct the young 
people in these matters, and this does much to promote blood-feuds. 

Death is always the re.sult of witchcraft, and details are. given in the paper of 
the manner in whicli the person who has caused the death is discovered. 

Sometimes a body is buried in a canoe set on pole.s, and the author gives s full 
description of a burial of this kind which took place on Duke of York Island, and 
was witnes-sed by the narrator. 
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Large quantities of food and property of various kinds are destroyed by the 
mourners, excessive grief being proved by excessive destruction ; and all who 
come to a funeral are rewarded by a present of shell-money and food. Female 
mourners are always present, and are well paid for weeping. 

In some parts of New Ireland the dead are buried in the sea. 


SATUB.DAY, AUaUST 22. 
This Section did not meet. 


MONDAY, AUGJrST 21. 

The following Papers and Reports were read: — 

1. Barbaric Elements hi Ancient Greece and Italy. 

By Prof. G. Hautwell-Jones, M.A. 

The civilisation of Greece and Italy, which saved Europe from stagnation on both 
sides, is valuable for the .study of the growth of in.stitutions ; it was evolved slowly 
from an original barbarism. But, as the classics are now read, their scientific value 
is obscured. 

Their history occupies a peculiar position : (nr) geographically, they were 
influenced by two streams of culture converging, the Aryan and lEastern ; {b) 
their growth was parallel ; (o) both were similarly, but independently, aflected by 
immediate neighbours. 

(i.) Whatever may be the truth about the .seat of the Aryans, first they came 
south by land ; secondly they brought with them a high capacity for development, 
but were certainly not a.s advanced as Gobineau assumed. 

(li.) Idicy were both allected by Asia Minor, As.syria, and Egypt, the North 
Semitic races being their intermediaries. 

The materials for reconstructing prehistoric society must be sought in archaeo- 
logy, and noniology, as much as the science of language, this was seen by Ilehn. 

The purpose of this paper is to show by means of a few specimens the anthro- 
pological value of the clas.sics, aided by the excavations of Schliemann, Helbig, 
Chierici, Ac., and Sanskrit literature, in the (i.) 7naterial and social, (ii.) mytho- 
logical and religious aspects of Greek and Italian life. 

(1.) They passed through three stages : — (a) hunting, (b) pastoral, (<?) agricul- 
tural ; but the transition was gradual. The animals hunted were the stag, bison, and 
probably the horse ; they u.sed the fire-drill ; fishing was a recent inv^ention ; religion 
was marked by ferocity. The change to agriculture humanised them ; they fed on 
milk, meat, salt, spice, mead, and roamed in search of fresh fields. The ox left a 
deep impression upon language, custom, and myth ; it was the unit of wealth and 
the medium of exchange ; the horse was first used for the war chariot ; the super- 
vention of horse-breeding later is reflected in language. The word for harvest was 
not known in the holoethnic period. Some tribes remained at the agricultural 
stage throughout ; otlior.s, e.g. the Dorians, retained their old passion. The pile- 
dwellings of the terra mare reveal cattle-rearing giving way to husbandry and vine- 
culture ; no doubt Epeiros would exhibit the same progress. The Pelasgoi were 
essentially agricultural ; the transition in Italy is reflected in legend. The first 
plough was the branch of a tree. Tillage was practised before horticulture. 
Agriculture left a deep impression upon language and life. 

The family wa.s highly important inGr^'ek and Italian life. INIarriage clearly 
passed through the (a) capture, (b) purchase stage, and once polygamy prevailed ; 
so, too, levirate, the vendetta, the suttee, but not polyandria, as Bachofeu main- 

3 F 2 
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tained. Their primitive savagery is proved by the destruction of the aged and 
infanticide. 

(11.) The crudest form of their religion is 

A. Animism, really a primitive philosophy. It may bo divided into (a) 
spiritism, (b) fetishism. In both the spirit is cajoled or overcome by magic. No- 
where is the power of abstraction stronger than in Italy, to some extent owing to 
the influence of Etruria ; the fear of these nebulous impersonal spirits and ill-omened 
plants was common ; the fetish was widely distributed, e.ff, the oracle of Felasgian 
Ilodona, a kind of instinctive meteorology. Further, animism was (a) vague, and 
(b) hypocritical, 

B. Naturalism characterises Greek mythology especially. At this stage those 
objects weri' chosen which bore some resemblance to man and promoted liis welfare. 
Magic gradually disappears, but the spirit i.s not omnipotent — he even betrays weak- 
ness. Environment exerts an important influence here, e.ff. in Fitvuria and Greece. 
A kind of totemism frequently occurs, e y. the llera-idols of tin; raegalitliic tombs of 
Mycenm. Ovid s ‘ Metamorphoses ’ was an attempt to account for the impersona- 
tion. 

O. Anthropomorphism is a nobl(T and more intellectual form of worship, 
with which idolatry is closely connected; in Greece, which was influenced by 
Phoenician art, it reached its perfection ; in Italy it remained an exotic in spite of 
Etruscan artists. 

Thus their religion was (a) developmental, (b) acquisitive. 

It would be seen upon examination that 

(1) Their primitive culture was on the level of that of many savage races of the 
present time. 

(2) The civilisation of Aryan Europe, as a whole, begins with contact with 
the East. 

(3) The criteria must be sought in other prehistoric scienct's, not philology 
alone. 

(4) Their civilisation is of paramount interest to anthropologists. 


2. The Morocco Berbers. Bij J. K. Budcktt Meaklv.* 

The people from whom Barbary takes its name occupy th(‘ mountain fastnesses 
of the whole of the northern coast of Africa. Notwithstanding the numerous 
invaders who have from time to time swept through the land, these hardy people 
still retain their racial characteristics, language, and customs in a comparative slate 
of purity. They have, however, embraced Mohammedanism, in consequence of which 
their language has become largely a<lulterated with Arabic, and many new cus- 
toms have been introduced. In Morocco the Berbers have to a great extent main- 
tained their independence, and military expeditions are undertaken annually to 
control one section or another. Their weakneas is their inter-tribal rivalry. The 
methods of self-rule employed in the independent districts vary considerably, in- 
cluding representative assemblies, hereditary autocrats, and a species of combina- 
tion of these two. Among themselves there is always A^arfare, and every traveller 
must be protected by some member of the tribe he is visiting. 

It is still a moot point whether the Berber language should be classed as 
Hamitic or Semitic. Though the construction, botli of words and simtences, 
resembles the Semitic, its vocabulary is entirely distinct from that group. In most 
parts Arabic words have been introduced in great numbers. It has, however, no 
uterature. Only one or two works are known to have been written in it, and 
those in Arabic characters. Its own characters are only to be found in inscrip- 
tions, which are very scarce, and hardly known in Morocco. The word Berber 
itself is of disputed origin, and, though used by some sections of the people, does 
not to them represent the whole. 

The Berbers are essentially warlike, and are proud of their bravery and independ- 
ence. Cowardice is to them a heinous crime. In most other points each tribe 


' For some years acting editor of The Timee of Morocco. 



TRANSACTIONS OIT SECTION H, 


805 


differs from its neighlDour. No description entirely applies to more than one dis- 
trict, though much will he common to many. Some are religious, others indiffe- 
rent ; some are steeped in ignorance, while in others even the women learn to read. 
Dress and food differ everywhere remarkably, as also do minor social customs. A 
pall of gross superstition, nevertheless, casts its gloom over all alike. The physical 
features of the Berbers are, on the whole, good. They are strong and wiry, with 
much more energy than the Arab, or the mingled race of the plains. As a rule, 
they are well-knit, and many have fine, noble figures. 'I'lieir countenances are 
often striking, and their looks keen and full of intelligence, though in cases de- 
bauchery wrecks the system at an early age, but not so often as in the towns. 
Their longevity is also greater, and their powers of endurance are wonderful. 

Their hospitality, if not so profuse as that of the Arab, is sufficiently extensive, 
and regular systems for the entertainment of travellers are in force. Monogamy is 
more common than polygamy. Drunkenness prevails in some districts, but the 
use of strong drink at all is looked upon as a vice. Marriage customs are peculiar. 
In some places tlie ^vomen are practically sold by auction on the market once a 
year, and may be divorced by being brought back there on the anniversary. In- 
termarriage among the tribes is permissible, but not general. The IMohammedan 
laws as to tlie l)ar of relationship hold good throughout. Punishments are not, 
as a rule, sewere, tliougli great suffering is often inflicted upon the victims of 
powerful members of the community by imprisonment in dungeons, and by the 
bastinado. Criminals are subject tu tlie lex falioiiis, which, as the source of the 
vendetta, leads to much bloodshed and loss of life. 

The cliid' festivals are those of Ishiiu, thougli several have survived from a pre- 
vious creed, of which little is now really known. Some of these would point to a 
Christian origin, and many ])erceive tiaces of this faith among their superstitions. 
The festival of ^Iid>uminer (St. John’s Day) is regularly observed, and it is a note- 
worthy fact tliat the European calendar, old style, is still employed among them. 

The dre.ss varies as much in tht^ different localities as do the customs In the 
interior it is almost entirely of w^ool, usually unsewn, made of one piece and knotted. 
A toga-like white blanket .serves as overmantle. The most curious garment is a 
black goat-hair wateiproof hooded cloak, with an assegai-sliaped yellow patch 
behind. The manufactures, if rude in some parts, in others show a eonsiderable 
degree of taste, as also does the ornamentation of many of their buildings. Their 
food is of the .simplest, mostly coiisi.st mg of cereals, meat being a comparative luxury. 
Smoking is coramoii in many parts, and the elderly men are often mueii given to 
siiuHing. Hemp is much used in the northern du^tricts as a narcotic, with very 
bad results. 

The houses of the p(a)ple arc as varied as their dress. It is believed that they 
were originally nomads, and to-day they occupy tent, hut, and house in one part or 
another. Substantial store towers dot tlie Atlas and serve as citadels in time of 
war. Almost every ruin is ascribed to European builders, but of liistory little is 
to be found. There have bet'ii several Berber historians of note, who have written 
in Arabic, some being translated, and se\eral French scholars have paid consider- 
able attention to this interesting peoph‘, of whom w’e even now know so compara- 
tively little. 


3. On the Worship of Meteorites. Btj Professor H. A. Newton. 

The paper consists of a series of accounts of the worship of meteorites and of 
myths aiid'traditions pointing to such worship in eaily times. More particularly 
are the indications of such worship that are found in Greek and Homan history 
and literature put together. No attempt to discuss the relations oi‘ this worship to 
the other worship of natural and artiffeial forms has been made. 
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4. 07 V Hitman Ttemams frijm the DnggJehy ‘ Howej* Yorkshire, 

By j. G. Garson, M.D. 

The description of the exploration of this harrow was commnnicated at the 
meetinj^ of the British Association last year by the Rev. E. Maiile Cole, M.A., and 
is published in the reports of the meetin*^, page 070. 

The barrow is a round one, and consists of a thick outer layer of rough chalk, 
in which were found several secondary interments, consisting of burnt bones, the 
bones of horse and deer, some Roman and British pottery, and iron, bone, and 
flint implements. Below this was a layer of Kimmeridgo clay a foot tliick, cover- 
ing over the whole of an inner mound in which the skeletons to be described were 
found. This inner mound was composed of two layers, an upper one of small 
chalk grit 4} feet thick, and an inner one of clay soil in which the slceletons were 
deposited. The implements found with tliom were (lint flakes and Avorked flints, 
the remains of beaver, Bos longifronsy and fox. No metal of any kind occurred 
below the layer of Kimnu'ridge clay. In the centre of the mound was a large pit 
or grave 0 feet deep and a smaller and shallower one by its side. Tlie large grave 
contained three skeletons and the skidl of a fourth ; over its mouth in tlie clny were 
other three skelet<ms. In the smaller grave was a skeleton, and between the two 
graves was another skeleton. Above the .smaller grave were other two .skeletons. 
The majority of the skeletons were found lying on the si(h' : in all cases th(i limbs 
were drawn up and flexed. The directions in which the bodies had been placed 
varied. A food va'^e was found at the bottom of the large grave, 

Several of tlie skeletons were con.si<lerably decayeil, others were those of 
children, so that .seven only wt're available for examination and tin* .skull of an 
eighth person. ]Manv of the long bones Avere not preservt'd, but most of tliera 
Avere measured at tin* time of (*xcavation. fl'he.se measur('m(‘nts Avere submitted by 
Mr. J. K. Mortimer (uinler who.se direction the exploration of tin* barroAV was 
conducted) to the author along AAith .such of the long bones of three of the 
skeletons as had been pre.served. I'rom the measurements of the lower limb- 
bones of the.se three .skelt'tons and tho.se of the otlier.s mea.sured by Mr. Mortimer, 
the author find.s that tlie a\’erage stature of tlie skeletons is l*nd7m. e.stimated 
from the femur and tibia, and llUiom. from the femur alone. The shorle.st had 
an indicated stature of Tboom. estimated from the femur and tibia, and of 
l‘546m. from the femur. The tallest Avaa TO.’lDiu. estimated from the femur and 
tibia, and 1-800 ra. from the femur alone, lixcluding this \ery tall .skeleton the 
aA'erage of the otlier.s is 1610 m. fr<mi the femur and tibia, and TOdlJm. from 
the femur. The femur of the tall skeleton has been fortunately preserved, and 
was measured by the author. 

The form of the skull viewed from above is that of an elongated oval. In 
most cases the walls appear Aery straight. The frontal region is narroAv, and 
there is no bulging of the occipital region, the outline being, as a rule, very regular. 
The muscular ridge.s are feebly developed, the glabella and superciliary ridges are 
also feebly developed. The face is gi^nercilly lonsr and narrow, the orbital axes are 
depre.ssed externally, the orhit.s tliem.selve.s being in form either round, nearly 
square, or broadened rectangular. The interorbital Avidth i.s narrow. The lower 
margins of the na.sal opeiiing-s are sharp. The maxillm are nrthognatliou.s and the 
incibor teeth are vertical. The chin is generally pointed and sharp. 'Flio cephalic 
index of the eight adult skulls varies from 66*5 to 79-6. Eive of the specimens are 
hyperdolichocephalic, one i.s dolichocepbali<*, and tAvo arc nK'.saticeplialic. 'fhe 
ctmhalic index of the tall .skeleton is 68-8. The other skulls found were those 
01 children, and are con.soqueiitly not inchuU*d. The.so eight specimens include all 
the adult males found in and about the graves in the centre of the barroAv. 

In stature and the charactens of the skull tlie.se specimens appear in all respects 
to be hlentical with the .specimens found in long barroAvs of the dolichocephalic 
people admitted to be the earlie.st knoAvn inhabitants of Britain, whose skeletons 
are still available for examination. They are found in tlie interior of this round 
barrow, it will be noted, associated with flint implements only, and with no trace 
of the metal objects usually found in round barrows with hrachycephalic skulls, 
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while tliese metal articles were found in the outer layer, which, from its contents, 
is evidently of later date and superadded to the original inner barrow. 


6. 07b Gompariso7h of A^icie^it Welsh Customs, Devices, ayiil Commerce, with 
those of Contemporary Nations. By Dr. Pheni^, F.S.A. 

It was pointed out that tlie present age, which is one enriched from commerce, 
science, and the arts, lias, to a great extent, ceased to be influenced by heraldry, 
which is naturally connected with military advanctenient. But that, as a matter 
of hiwstory, the great influence it once had on the progress of civilisation in securing 
victory or averting defeat made it a subject well worthy review. 

Though no written code of heraldic law is known to have existed in ancient 
times, }/et the customs of different people in coniu'ction with their banners and 
ensigns indicate the important part they bore among conqum’ing nations. 

It is shown from the writings of Sidonius Apollinaris and others, that the 
Homans worshipped the image of the Emperor, which was attaclicd to the staff* of 
tlie standaid eagle and other devices ; and Constantine, taking advantage of this 
fact, and abliorring such profanity, placed the emblem of the new faith which he 
upheld ill tlie place previously so occupied. It is impohsible to imagine a more 
imperative call to conquest. Tlie contempt with Mdiich the Homans at iirst treated 
the subject, hy elevating a tuft of straw on a })ike as an ensign, was no doubt 
changed ou liuding that the nations they combated elevated the objects they 
worship})ed, and became obstinately brave around them. These being conquered 
and amalgamated with tlio Homan soldim-s would be allowed either to carry their 
own bamier or would see it at the head of their legion, thus preventing desertion 
and t‘nsuring allegiance. I'he eagle was (be standard of the legions, but each 
cohort carrieil a liamier with a serpent wovtai on it called dracon (the dragon),’ 
which was carried by tlie dt'aconarius. Tlie Gauls and all tlie Gallic tribes are 
.shown to have borne the dragon, distinguishing their tribes hy the colour of their 
banner. Drayton gives the colour of the dragon of Wales to he red, and the 
dragon of Miigland white. The Bayeux tapestry shows th«' banner of William the 
Eorinan to be the old Norse dragon, and he is also surrounded with dragon ensigns 
of the Keltic people, whose alliance he hoped for, or bad already secured. When 
England and Scotland w(‘re at war, tlie great vSeotch seals always exhibit the 
dragon as su])porlers in the various reigns; then^ are always more than one indi- 
cating tlie alliance with Wales, Ireland, and .sometimes with IScandinavia. 

The Mibject is of Oriental origin, Agameumou had three dragons emblazoned 
in hrilliaiit colours on his breast-plate. The '^Frojans also used the serpent for a 
device, it being sacred willi them. AVhen the two serpents from Tenedos had 
killed the Trojan priest, Laocoon, who had offended .Vpollo, they calmly retired to 
the shrine of Minerva, whose emblem was a serpent. She being the goddess of 
wisdom, it is not im])robable that the term ^ wise as serpents ’ arose from this. 
The Gallic dragon and the Roman eagle occupy equally the grand summit of the 
old ])apal mint at Avignon. 

Dragon ceremonies still exist in several parts of Europe, and till recently were 
in use on the gi’cat main roads leading to Wales. Ou these roads are also vast 
draconic simulations. There is a cave of worship at Sarphlc, near Llangollen in 
Denbighshire, beneath the head of a vast natural outcrop of white ipiartz, which 
assumes the undulations of a huge serpent. The name of the spot is ‘ The Place 
of the Serpent ; ’ the traditions attached to it are extraordinary. The late Welsh 
poet ^Ceiriog’ adopted his name — his family name being Hughes — from what he 
called the inspiration given him at this place — the stream Ceiriog running at the 
foot of the hill on which the serpent reclines. 

This information was privately given to Dr. Phen^, who now — the poet being 
dead — considers it the property of the Welsh bards, it beings, as it were, an 
inspiration from the Pythian Apollo of Parnassus. 


’ Also called textilis a/iyms. 
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In Stow’s Annals an elaborate description is given of a procession of Queen 
Elizabeth on a throne chariot having a Lion on one side and a Dragon on the 
other, as supporters of the Arms of England. 

Other customs of the early (Welsh) Britons were found to agree, like that of 
the Draconariiis, with Homan, or rather with Italian customs, for they still exist 
in rural Italy. For example, the wooden constructions described by Ciesar as the 
residences of the Britons are still used in Lalium. The one recorded to have 
been the house of Romulus ( Casa Homuli) was preserved by the Romans on the 
Capitoline Hdl till the time of Caractacus. Dionysius of Halicarnassus mentions it 
in nis history of Rome only a few a ears before. The standard of Caractacus being 
the same as that of the cohorts, and his appeal being probably suggested by the 
* humble cottage ’ of their own founder, which was like his own, described by him 
as being in Britain, would have had so startling an etlect that there is no wonder 
his chains were struck olf. This singular fact shows that the customs of Italy 
were not iiiilike those of the Welsh; though Caractacus and his relations were 
pardoned, they preferred to locate themselves in Italy and did not return home. 

There was reason to think, from recent discoveries, that the great trade in 
metals and metallic works of art extended to the British Islands in times before 
the Phoenician traffic. The bronzes of I'ltiiiria, as pointed out by ]\h. Dennis, 
have been found ‘ from Switzerland to Denmark, and from Ireland to Hungary.’ 
This being so, and there being a chain of ports from Basta in Apulia, by those of 
the Bastetaiii, the tin workers in Spain, the name of Bassenthwaite in Cumberland 
and Bassaleg near Cardilf indicate a commercial connection between those places 
and Italy. It is not improbable that Basselg was in remote times the name of the 
port, as the word is equivalent to bright metal, and an old Italian word. If so, the 
roads reputed to have been made by Mael Mutius to and from Caerleon, and the 
local Venta are well accounted for. 


6. The First Sea-JVanderinys of the English Race. Bif W. M. Adaris. 


7. Points of Contact between Old-ivorhl Mf/tlis and Customs and the Navajo 
Myth entitled ‘ The Moiintain Ghantd By A. W. Bucklaxd. 

In presenting a slight sktdcli of a very curious myth of the Navajo Indians of 
New Mexico, which, under the name of ‘ The Mountain Chant,’ is given at length 
in the ^ Smithsonian Report of the Bureau of Ethnology,’ vol. v., Miss Bucklaud 
draws attention to the numerous points in wliich the myth reproduces customs and 
beliefs of the Old World. xVmong these may be cited the singular prohibition 
against eating food in tlie luider-world or abode of spirits, sucli as appears in the 
classical story of Persephone, but which is found slightly modilied in the fairy 
folk-lore of Europe, in Aino and Japanese tales, and in New Zealand. In the 
American myth the prohibition is four times repeated in the abodes of gods in the 
form of animals. Then there is the ceremonial cutting of the hair of children in 
their fourth year, which is both an American and Japanese custom. The use of 
the swastika is also traced, both among the Navajos and the Japanese, and in both 
countries .special reverence is paid to the cardinal point.s, which in America are 
symbolised by particular colours. The ceremonial use of hint implements in the 
Navajo rites is also noteworthy, and several other points in the myth denote a very 
early origin. 

The great peculiarity in the healing rites, which are hf)ld in connection with 
the Navajo myth, are the use of sacriticial sticks, variously painted and adorned 
with beads and feathers, and buried in accordance with traditional usage, and the 
making and erasing, on the same day, of largo sand pictures, regarded as of great 
sanctity and special healing power, the pigments from the forms of the gods 
depicted being applied to tJie .similar afflicted parts of the patient’s body. 

Miss Bucklaud points out the great contrast between these bloodless Navajo 
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rites and the sanguinary ceremonies of the ancient Mexicans, and the dissimilarity 
in the forms of the Navajo and Mexican gods as denoting an entirely different 
origin for the two religions, incompatible with the belief, commonly entertained, of 
the wholly indigenous character of American cultm’e, and believes that the Navajo 
rites point unmistakably to an Eastern origin. 


8. East Central Africa^t, Customs. By Rev. James Macdonald. 

The author introduced the subject by a reference to th(‘ great dispei’sion in the 
plain of Shinar, and the tenacity with which man had clung to the slender stock 
of ideas in the land of his strtmgership. 

The customs dealt with ranged over the whole domestic and social life of the 
people. He began by an account of trial by ordeal which is universal in the Lake 
region. The trial begins in open Court when evidence is led, but as it never occurs 
to anyone to tell the truth, the cause is usually decided by the accused drinking the 
poison howl. If he A^ornits the poison he is innocent, even should he have been 
cauglit red-handed. There are times when the poison howl is administered to 
large numbers by the magician.s. This is to weed out thieves, wizards, and other 
undetected crnninals. 

At puberty boys are circumcised, and girls go through a process of initiation 
into womunliood. The former are now men, and discard all labour for the duties 
of war and hunting. 

A man who wishes to form a new village community selects a site and 
strengthens his position by inducing others to join their fortunes to his ; by the 
purchase of slav('S ; marrying slave wives, and raiding with the view of capturing 
slaves. When he has established his position, the village is recognised by the 
chief and comes under the general tribal laAvs and customs. 

Undm* these laws a man holds as many slaves as he can capture or purchase. 
They are his absolute property, and the law permits a man to kill a slave, but should 
he do so unjustly, ^ the tlesh will melt off his bones and lie will die.’ Slaves have 
a quasi right to property, and often get rich umler llidr masters. Sliould they be 
sold or die, the proiierty reverts to the master. 

Slaves and all property, as well as tribal and governing rigiits, descend not to 
a man’s sons, but to liis brother, the son of his own mother, or, failing that, to his 
sister’s son. I’his is to make sure that the family blood is in his veins. Wives, 
like slaves, may be hail by purchase, by presentation, or by raiding. An unborn 
infant may be —conditionally — htUrotbed ; children of a fcvv days old frequently are. 

In all public iiiklertakings the oracle must be consulted by means of divination. 
This may be by pouring out flour, which if it forms a perfect cone is favourable, 
or by shaking tlie contents of a gourd, teeth, pebbles, tfcc., and throwing them 
down as dice. Even after the omen is favourable, a rabbit or snake crossing the 
path on the first day slops tlu' (‘xjiedition. 

Magicians ha\e absolute power, and are in requisition in connection with every 
detail of life. They practise medicine, detect witches, protect crops, and generally 
are responsible for the conduct of all work during peace and war. The most for- 
midable among them is the tribal prophetess. She sees the gods face to face, and 
dreams dreams which pertain to revelation. Her oracles are receiv^ed without 
question, and when she orders a human sacrifice no one dare refuse her demands. 

She travels about the country detecting wizards who cause sickne.ss. This she 
does by assembling the whole commimitv, and, after shouting and ranting among 
the crowd, touching each one’.s hand. The wizard’s hand when touched is known 
to her, and he is summarily disposed of, but not before she has proved his guilt. 
This she does by finding the ‘ horns.’ These are generally the horns of a small 
antelope, whicli are excclUmce witches’ horns. She finds the horns by ascending 
beside tlie stream, passing the patient’s house, and at a certain spot, after much 
ceremony, digging them from the ground. She, meantime, has spent the previous 
night in the open air listening to spirit voices, while the villagers, on pain of being 
accused of witchcraft, must remain indoors. When she orders a human sacrifice 
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the victim is tied liaiid and foot to a forest tree and left for the night. If devoured 
by wild animals, the gods Jiave accepted the otlering ; if not, he is thrown into lake 
or river or allowed to die of starvation. The slave was not worth the god s accept- 
ance. 

Like their Celtic sifters of the north of >Scotland, African witches can by their 
arts ‘ steal the fret ’ of cows and goats. To this also the prophete.ss must see. 

Murder, adultery, arson, and other .serious crimes are capital. The murderer is 
handed over to the m\irdered mans relatives to be put to death in the manner 
most agre«*ahle to their feelings and fancy. Arson is a crime in which the 
led. talioiiis is practised. House for house; field for Held ; the man’s wives and 
family when he has nothing. Adultery and the law of marriage, in a land where 
chastity is hardly known, is a curious jumble. Divorce is granted for all sorts of 
small cau^'CS. Speaking disrespectfully of one's pareiits-in-lau , neglecting to hoe the 
Helds on the part of the wife, or the women’s garimuit-mending on the part of the 
husband, is suflieient cause. At tlie samt‘ time adiilterv is punished in the most 
barbarous manner. A suspected wife is made to Hsh up a stoiu' from ajar of 
boiling oil with her hare arm. As the injury is sliglit or severe she is innocent or 
guilty. If guilty, her liead is placed in a iuigekind of nut -cracker and squeezed to 
make her confe.'-s her lover's name. If she refuse, tlie torture may be continued 
till the walls of the skull collapse. A man may have determined to get rid of his 
^dfe because she neglected an afternoon's hodng, hut should he find her in an 
intrigue in the interval she is simply hacked to pieces. Some liead miai put all 
male otfeiiders to death as t}u*y might interfere with their harems. 

War in South Africa resolves itstdf into a cattle hunt ; in (’entral Africa into a 
slave hunt, at times, it is tube feared, into a mutton hunt, fur prisoners are now and 
then eaten by their captors. 

Death is usually the work of wizards, and the magicians detect these, who are 
put to death. The dead aie inonriU'd for by biMting of druins, wailing and weeping. 
Relatives shave tlieir heads; in the ca.se of a head man, tlie whuk* trilu' do so. A 
votive pot Is placed near the deceased’s liousi* vvheio oilerings ai(i left, A slave 
may ]}e lulled to be hurit'd ^\ith his master, so that the former ‘ may not go alone.’ 
Mock funerals are common, at whicli tlie mourners attend to deceive demons, so 
that they may not get hold of the s])irit of the departed. In tins case the real 
funeral is coiKluct(‘d very quietly. .\ncei>tor-wor.''lnp is univer.^al. The ancestors 
in the spirit-land are at peace. No Milton has ^et them by the ears. Lightning 
as an impersonal god is worsliipped by some. .Spirits may ro-appear in material 
form, but never for good, always for evil. 

Man and all animals came out of a hole in the f-arth which was Ldo.sed by the 
great ancestor.’ Monkeys were then human, hut having quarrelled with their 
friends, went to live* in the bii^h. To spite their relatives they began to pick up 
seeds sown. This tendency became hereditary, and so it is that monlceys cannot 
grow corn, as they pick up llieir own seed. Africans declare that monkeys play 
with firebrands wlieii men leave fires in the forest, vvbicli may explain the 
wonderful sights witnes.sed by Emin I*a.‘^lm. 

The principal industrial arts are, w'orkiiig in metals and the pursuit of agricul- 
ture. In the former the Africans are making steady and sustained progress. Tradi- 
tion points to an age of wooden spades and hoi's ; now iron is universal. Tliis 
they .smelt from its ore. In woodwork there does not apiiear to he the same pro- 
gress made. 

The minor customs and superstitions referred to incidentally by Mr. Macdonald 
were very numerous, and had reference to charms, sacred animals, how crow.s are 
alway.s looking for seeds lost by an ancestor of thinrs, and many others which are 
interesting not only to the ethnologist, but to all who wish to have an acquaint- 
ance with the habits of life among savage men. I’he chief must show unbounded 
hospitality, and the taxes must he light. How both these virtues are to he 
practised juri. Sts do not defiii(‘, but it ha.s a curious resemblance to what was com- 
mon among the Celtic clans two or three centuries ago. 
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9. The Report of the Prehistoric Inhabitants Committee. 
See Reports, p. 549. 


10. The Report of the ElhoUon Cave Committee . — Sec Reports, p. 351. 


TUESDAY, AUGUST 2:>. 

The following- Papers and Reports were read : — 

1. The Formation of a Record of the Prehistoric and Ancient Remains of 
Glanionjan shire. Bij Edwin Seward. 

(Ilainoi-ganhliire posses.ses a considerable number of those tract's of the existence 
of man aiid liis handywork wliich remain from the earbt'st liistoric and prehistoric 
periods. In caverns and fi.ssiires of the moimlain limestone clilfs of (lower, in 
camps which crown their summits and those of the main ranges throiig-hout the 
county, in tumuli and barrows elsewhere, and in Roman villas and dwellings dis- 
covered on the lower plains, are evidences of man through successive ages and 
varjdng stages of civilisation. One feature of much interest is the number and 
importance of aneit'nt inscribed stones, many of which art? still remarkable for 
beauty and intricacy of design in spite of tlie careless or mischievous treatment to 
which they ha\e usually been expost'd, even till very recently. In a district pos- 
sessing heritages of such a kind, it is especially desirable that a systematic and 
comprehensive means of registering each of these ohji'cts of value should be set on 
foot and maintained, and that opportunities should be afforded for the further 
inve.stigating, recording, and (‘lassifying all known examples, whilst also olfering 
inducements and opportunities towards the di&c()^ery or ('ilicient recognition of 
fresh ones. 

Apart from a de.scriptive record, it is .sought to indicate the nature and locality 
of these remains on maps, so as to produce a delini'd but progressive view of them 
as affecting, or as atfected by, topographical conditions. Mr. ^Seward outlined the 
prt'limiiiary steps taken for organising the vv'ork of recording, and described a pro- 
posed method of utilising the .smaller sheets of the Ordnance Survey for map 
purposes, showing also what hii.s been done in the locality towards compiling a 
photographic survey of objects of interest, prehi.Ntorical and archmological. 


2. Instinctive Criminalitij : its tree Character and National Treatment. 

7>// S. A. K. Strahan, M . V . 

The instinctive criminal belongs to a decaving race, and is only met with in 
families whose other luemhers show signs of degradation. In fact, instinctive 
criminality is but one of the many known .sigus of family decay. This is conclu- 
sively proven by the fact that the criminars parents and relatives invariably show 
signs of dec*ay, and that he himself has, in common with the idiot — which latrer is 
the lowest form of luimaii development consi.stent with a continuanci^ of life — such 
grossly deg'‘nerato characters as a small, overlarge, and ill-shapoii head, paralysis, 
squint, asymmetrical features, deformities; a shrunken, ill-developed body; 
abnormal conditions of the genital organs; liability to tubercular disease ; prema- 
ture decay of the tissues ; large, heavy, misshapen javv's, outstanding ears, and a 
restless, animal-like, or brutal expression. The instinctive criminal lacks the 
moral sense as the idiot lacks the intellectual, and in both we find more or less 
deep degeneration affecting the whole economy, physical, moral, and intellectual. 

Hereditary Character of Crime . — This has been known from very early times. 
It was advocated and demonstrated by Aristotle, yet it is only i-ecently that this 
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view is approaching general acceptance. But what the writer wishes to impfess 
is not that criminality is hereditary, that now being generally admitted, but the 
indisputable fact that it is interchangeable with other degenerate conditions, such 
as idiocy, epilepsy, suicide, insanity, prostitution, scrofula, drunkenness, &c., and 
that it is a mere chance whether the insanity or drunkenness, say, of the parent 
will appear as such in the child, or bo transmuted in transmission to one or other 
of the above mentioned degenerate conditions. 

Mode of 'rnaitomssion. — Criminality here follows the same lines as other states 
of decay. In some cases it is transmitted through several generations unchanged, 
but this is rare. t)ccasionally a generation of criminals will appear in a decaying 
family as a generation of deaf-mutes or epileptics at times aiipeai's in the family of 
the scrofulous or insane diathesis. But in the majority of cases crime only appears 
in one, two, or three members of the family, the others showing the taint in various 
v^ays — e.g. one will be scrofulous or a deaf-mute, another insane, idiotic, or a 
prostitute, as the case may be. 

Chief Sources of histmctive CrhninaHtg. — All deteriorating intluouces are 
liable to result in crime as in other form of degeneration m the ollspring. Alco- 
holism, however, is its most fruitful source. Kos'^i puts the percentage of drunken- 
ness in parents of criminals at 4.‘kG, Marro at 41, W'ey at 38 7, and Tarnowsky, in 
the parents of prostitutes, at no less than 82-GG. Here the environment must have 
an effect ; but as education and example cannot account for the idiocy, epilepsy, 
deformity, cS:c., in the children of the drunkard, neither can it be held largely 
respon.>ible for the crime and prostitution. Insanity, epilepsy, and suicide are 
often transmuted to crime in passing to the children. Of all persons convicted of 
murder in England and Wales in the decade ]87G-Sy, 32 per cent, were found 
insane, and 32 per cent, more had their sentences commuted, many on the ground 
of mental disorder. A neurotic family history was found iii criminals in Elmira 
Reform in 13*7 per cent, (parents alone); at Auburn, in 23 03; Rossi, 33. 

Tubercular Iksease is another cause. Great numbers of criminals are them- 
selves tubercular — almost as many as of idiots— and it is common in their families. 
Tarnowsky found a phthisical jiarentage in 44 per cent , of prostitutes. 

Senility and lmfnati(7'ity of Parents are mIso fruitful sources of crime in the 
enfeebled descendants, as is ]>roved by tlie statistics of Marro, Korosi, and others. 

Tnie Position of the Critninnl. — lie is not a free, agent. Ho is as helph'ss 
against his instinct to crime as is the epileptic against his convulsion, or the 
suicide against the instinct which impels him to self-destruction. The great 
stumbling-blocks to the recog-nition of the criminars true position are the doctrine 
of Mree-will,’ and tile belief that all come into the world witii a certain regular 
quantum of moral sense. These are fundamental errors. AVheii wo accept the 
fact that moral feeling and volitional power are not unvarying gifts, but dejiend 
as much ujion the jiroper development and healthy action of the higher nervous 
centres as does the extuvising of any other intellectual function whatever, we shall 
see that the suicide without reasonable cause, Ins sister who becomes a prostitute, 
his brother who does murder at the command of a voice from lieaven, and the 
other member of the family who is an incurable tliief, are all equally the victims 
of a vicious organisation. This has been practically admitted by the recognition 
of the dipso- and klepto-maniac ; but if justice is to be done, the system must be 
largely extended. 

Pt'ese7it Treatment. — The present system has proved a disastrous failure. 
Short periods of punitive imprisonment can have no eHect upon tlie instinctive 
criminal, either curative or deterrent. The records read in our courts daily prove 
this, and the jiresent system mu.st go after the whip and chain of the maniac. 

Proposed Treatment — Everything points in the direction of prolonged or inde- 
finite confinement of the instinctive criminal and habitual drunkard in industrial 
penitentiaries. Upon detection as such, they would be permanently conliiied, as 
our imbeciles and incurable lunatics are at present, but with this difference. In 
thesis honu*s the inmates would bo taught trades, iStc., and would receive, with 
liberty to spend in any reasonable way, all they might earn over and above the 
cost of their maintenance. This would not only protect society against its anti- 
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social members, but it would protect these against themselves, while, by keeping 
the sexes apart, it would have an immediate and marked eileet upon the produc- 
tion by propagation of the criminal classes. This system — at once Christian, 
humane, and economical — has been tried with success in America. Lifelong 
detention has not been found by any means necessary in all cases. Offenders 
captured young and taught morally and intellectually so far as may be ])ossible, 
and also some trade, and made to feel that they really can earn an honest liveli- 
hood, will benefit most. Many such may be given a chance outside under sur- 
veillance, or may he turned free with safety to society ; their anti-social instincts 
being sufficiently blunted as to he overcome even under the feeble will-power of 
their unfortunate owners. 


3. The Anthropometric Method of Identifying Criminals. 

By J. G. G ARSON, M.I). 

Tn daily life cases of difficulty not unfrequently occur in the identification 
of persona living or dead, or after accident, such as a railway collision, and in 
police-courts it is especially common, for evil-doers make a point, as far as pos- 
sible, of concealing their identity. In 1870 M. Bertillori submitted to the 
Prefecture of Police of Paris a plan for the identification of criminals, founded 
upon the measurement of certain bony parts of the body not liable to alteration 
with ago or accident. 1'he plan had been adopted, and has been in use. with signal 
success in Paris since 1882. Before the introduction of Bertillon’s system, photo- 
graphs and vague descriptions, much the same as those still used by the English 
police, were the only means for identifying persons previously ccmvicted of crime. 
As time went on, t!ie number of photographs of criminals increased so rapidl}' 
that in a few years they exceeded 100,000, and it was found that the system was 
almost if not altogether unworkable. By Bertillon’s system these photographs 
and descriptions of criminals are divided primarily into three groups, according to 
whether their stature is tall, medium, or short. By the length of the head, these 
groups are still further subdivided into persons with long, medium, and short 
heads. A third measurement, the breadth of the head, divides the number in each 
group still mor(', according as the head is broad, medium, or narrow ; and by other 
measurements groups are reduced to a number of smaller ones. The various 
descriptions and photographs are arranged in a series of drawers with subdivisions 
corresponding to the different measurements and their subdivisions. When a 
person is brought to the police-station, the first thing done is to ascertain if he 
is an old offender, and has been measured before, by taking his principal measuri'- 
ments and afterwards referring to the cabinet containing the descriptions and 
measurements of criminals. The measurements one by one guide the officer to the 
exact division of the cabinet where the description of the prisoner will ho found. 
Should the prisoner’s height when previously measured have been, say, just within 
the tall division, and now is at the upper end of the medium division, the officer, on 
not finding him in the mednun division, would search for him in the tall group, 
just as ho would look for a word in the dictionary about the spelling of which lie 
was in doubt. The measurements relied upon in Bertillon’s system are: — (1) Height 
of body ; (2) length of head ; (3) hreadtli of head ; (4) length of middle finger 
(left) ; (5) length of little finger (left) ; (6) length of forearm; (7) length of foot 
(left) ; (8) length of span ; (ii) length of ear (right) ; (10) breadth of ear (right) ; 
(11) length and exact position of scars, moles, &c. ; (12) colour of eyes and hair. 
The instruments used by M. Bertillon were exhibited, and the method of using 
them was shown. The whole operation of measuring a prisoner and taking his 
description occupies one officer and an assistant only seven minutes. The success 
with which the system has lieen attended may be judged of from the following 
facts : criminals who have tested the certainty with which they can now be re- 
cognised seldom give aliases ; the number of identifications of previous offenders 
has greatly increased, and many known criminals have found it convenient to 
change the scene of their actions to places where the system is not in force. In 
the many thousands of cases tested there had not been one of mistaken identity. 
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The addition to the measurements of the prints of the impressions of the fingers^ 
recently recommended by Mr. Francis Galton, would, in the author’s opinion, be 
very valuable for personal identilication. In conclusion the hope is expressed 
that Bertillon’s system will soon be introduced into general use in this country. 


4. Recent llittite Discoveries, By Dr. Phenk, JP.S.A. 

A careful description of the monuments now known to be llittite, but which 
term had not been used when Dr. Van Lenuep wrote, was given, and Dr. Phen6 
was able to draw inferences from the examination of the monuments before they 
were known to be llittite, and the new light whieh Professor Sayce, Sir Charles 
"Wilson, and Professor liamsay have thrown upon them. This was very interesting, 
as the older drawings by Texier and other travellers were found very much more 
to support the description hy Herodotus than some of the new ones. And, while 
they all alike tended to confirm the fact that th(‘y Ijelonged to a special people, 
who had a style of writing of their own, and which people and writings are now 
known under the term Hlittite,’ there was every reason to suppf)se the figures at 
Nymphi were those of the Egyptian king, llamses IL, known also as Pamses the 
Great, and also as Pamses — Sesostris, although ‘Sesostris’ was not found on his 
monuments, and was perha^)s a family name. Dr. Pliene gave his own reading of 
the symbols at Nymphi as follows : — The symbols are a crouchmy bird on a level 
with the face of the victorious Sesostris, and close to it a sceptre , above it a sign 
fre(juently found in Hittite inscriptions, of a staff with smaller ones on each side, 
which symbol he considered was equi\alent to the people — of high and low 
degree; and following this a broken sceptre. The ])ird usually found in llittite 
inscriptions, as at Jerabis, is the eagle, and the position is one of majesty, which 
he considered implied kingly power, and hence tlie crouching and humbled bird 
was a king bereft of his power. The metaphor is purely Oriental, and in continual 
use in the Hebrew writings, ‘a bird of the air shall tell the matter’ — ‘mine 
enemies chased me like a bird ’ — ‘ they shall tremble as a bird out of Egypt,’ 
meaning clearly, escaped from the crushing power of Egypt. The broken reed or 
sceptre is also continually used as a sign of weakened power, so that reading from 
right to left the .s;sTiihols read — The bird announcesTo tlu' conqueror — ‘ The sceptre, 
great conqueror, i.^ jours ’ ; ‘ Ciroat and small {i.e. the nobles and people) follow ; the 
sceptre of the vanquished is broken.’ Several other of Dr. Phene’s readings, as of the 
inscription on IMount Sipylus, were given, as \ery strongly to support the views of 
Mr. Dennis as to this sculpture lx?ing the goddes.s Cybele, and not Niobe, and Dr. 
Phene produced an ancient mace procured by him in Sivas, the head of which was 
the same symbol, as appears in the inscrijition near the figure. Dr. PliemS referred 
to the valuable comparison of Hitfite and (Cypriote letters made by Professor 
Sayce at the suggestion of C’anon Taylor, and pointed out that the least powerful 
one — that of o « u - -was not only capable of amendment, but of being put beyond 
question, as besides the evidence used bj' Profes.sor Sayce, the actual V of the 
Cypriotes appears in the Hittite invscription on Mount Sipylus. The author 
further expressed his opinion that the figures at lasili, Kara, &c., were older than 
the Assyrian sculptures, and that in them were tlie ideas carried out in Assyrian 
art. The figures standing upon the animal forms in the Hittite carvings being 
finally combined with the animals in the As.syrian work. Dr. Phene’s attention 
was, however, more engaged with a remarkable Cyclopean temple on the Star 
mountain near Tokat than with the rock sculptures, which, wdien he visited them 
(and nearly all of which are illustrated in Dr. Van Leimep’s book), were generally 
considered as a low class of Assyrian or Persian art. 

One of the most important points of this journey had biicn the investigation of 
Cyclopean buildings, and this grandly elevated temple, which is semicircular in 
form, corresponds exactly with others he ha.s found, one of which is in tlie centre 
of the Island of Minorca. I’he one in Anatolia, which he considers was the great 
temple of the district, is in tlie locality of the most remarkable llittite sculptures. 
It is on the most westerly and the largest of a number of mounds running from 
east to west in a serpentine course. In conclusion, Dr. Pheue described two 
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sculptured groups, which appear to give a complete representation of the story of 
the Flood, and the district being so near Mount Ararat, it is less surprising that it 
should be so, as Armenia abounds with the tradition. 


5. Account of the ShniUcaniocn Indians of J^ritish Columhia. 

By Mrs. S. S. Allison. 

The tribe at present inliahiting the upper valley of the Similkameen are im 
diately descended from a small band of the warlike Cliilcotins, who established 
themselves in the upper valley of the river about a hundred and fifty years ago, 
and intermarried with the Spokans. 'J'hey have much deteriorated, both physically 
and mentally, within the last twenty >ears, and are rapidly becoming extinct. 
The average* stature of the men ih about live feet six inches ; their frames are 
lithe and muscular, and their movements quick and graceful. Their complexion 
is very light, and they have small hands and feet. The colour of their hair varies 
from jet-black to red-brown, and in some cases it is almost curly, d'hey are born 
horsemen and capital shots. The sharp horns of the mountain goat were formerly 
fixed on shafts of bard wood and used as spears both in lunitiiig and vv^arfare y 
stone knives and hatch< ts were also used. 

The summer dwellings of the 8imilkameen Indians were made of mats of 
cedar hark, maiiufac'tiired by the Hope Indians, which were thrown over a circular 
frame of poles. Tlie winter houses were simply pits dug in the ground and 
roofed with poles and eartli. All sickness was supjiosed to he the work of an evil 
spirit, who fastened on a victim and hung on, drawing away his life, until charmed 
away by the doctor, who worked himself into a state of frenzy, singing and danc- 
ing while he was trying to lure the evil spirit from his patient. Many of the 
medicine-men exercise strong mesmeric power over their patients, and they use 
several herbs as medicines ; their panacea for all ills, however, is the vapour- 
bath. 

When an Indian died he was laid out in .state on a c<>ucli of skins; everything 
put on the body was nexv ; his bow and arrow.s were laid at his side, along with 
Ins knife. ITis friends then assembled round him to feast, and when the feast was 
over his friends advanced, and taking his hand hade him farewell. Immediately 
after a fiim^ral takes place the encampment is moved, lest the spirit of the deceased 
should revisit it. 

A widow or widower is forbidden to eat meat and certain vegetables for a 
month, and must w'ear quuntitit'S of spruce bush inside their shirts, next their 
skin. 

Cannibalism was never known among the Similkameens. 

In the mountain is a, ciirtain stone which is miicJi venerated by the Indians, and 
it is said that striking it will produce rain. 

Polygamy was allowed, and if the husband and wife tired of each other, the 
price of the woman, or its equivalent, w’as returned by her father or guardian, and 
the parties w(*re then free to contracl another matrimonial alliance ; but adultery, 
though it was generally compromised, was sometimes punished by cutting off the 
woman’s nose or slitting her ears. 

Occasionally sick iiersons were buried before they were quite dead, and a good 
deal of infanticide was practised. 

The author hao not found these Indians to be thieves, and gives them a general 
good character in other respects. 


0. Nicobar Poffery. By E. H. JMan. 

In a brief but fairly exhaustive pap^r on the {lottery made and used by the 
Nicobar Islanders, INlr. Man stated that the little island of Chowra has held for 
generations a monopoly of the manufacture, and the entire work of preparing the 
clay, as well as moulding and firing the finished utensil, devolves on the females of 
the community. 
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No traditions are apparently extant reprardinpf the origin of the art, but a 
superstitious belief is entertained that an earthquake or sudden death would result 
from any rash endeavour to introduce tlie industry into any other island of the 
Archipelago, and a case is cited which to the Nicobarese mind is siilliciontly 
oontirmatory of the danger of attempting to act in contravention of the customs of 
their ancestors. 

The inhabitants of the island appear to guard somewhat jealously this tiieirart, 
and natives from the otlier islands, who accompanied Mr. Man when he was so 
fortunate as to find the manufacturers at their trade, had never before been 
permitted to witness the process now described in its various stagos. 

The value of ‘ trade-marks' is recognised, and before a vessel is fired tlie device 
of its maker is affixed ; to their credit, be it n<)te<l, care is taken that the ‘ rights ’ 
of other makers are not infringed by the adoption of any symbol which niiglit 
lead to confusion. 

The amount of pottery manufactured during the year cannot of course be 
ascertained with any degree of accuracy, but it would seem to he considerable. 
Experience having taught them tliat pots are more serviceable if allowed to liarden 
gradually, it is tluur practice to store all newly-made utensils on a lattice-platform 
{lenjuT) in the roof of their huts, where in the course of a year the combined action 
of heat and smoke renders them hanl and durable. 

Indian pots and jars are readily purchased from the traders who visit the 
islands from time to time, and these, though prefernHl to tlu* home-made article 
on account of their greater durability, are deemed unsuitable for certain of their 
culinary operations. There is also a latent fear lest the local manufacturers — to 
say nothing of the Higher Towers- should actively resent any exclusive use of 
imported utensils. 

No vessels are made specially by the Nicobai'ose for funeral purposes, hut in 
accordance wuth the almost universal custom of uncivilised rac(*s cooking pot.s are 
among the personal and liou.'-ehold requisites whicli are laid on a grave after an 
interment. 

Mr. Man illustrated his paper with two photographs, showing a group of 
Nicobarese potters engaged upon their craft ; he further expressly denied that they 
had the knowledge of any implement answering the purpose of a * potti^rVwheel.’ 


7. Report of the A}ifhroponu>trir, Lahorcitory Committee. 
See Reports, p. 40»5. 


8, Report of the ‘ Anthropohxpcal Notp<9 and Queries ’ Gomniitfee. 
See Reports, p. 404. 


0. Report of the Indian Committee. 
[The Committee \vere unable to present a Report this year.] 
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of power hy compressed air, Prof. A C. 
Elliott on the, 765. 

Conceiitioii of direction, the impoitancc 
of the, in iiatuial philosophy, E. T 
Dixon on, 572. 

Confocal conics, the geometr}’’ of, by 
Prof. T. C. Lewis, .570. 

*Coiisumpt ion, tlie cnie of, in its econo- 
mic aspect, bv U. tv Hamblcton, 7 17. 

CopelaiKl (Dr. U ) on the ])iol)able nature 
of the bi ight slreaks on the moon, 576. 

Cordcaux (J.) on making a digest of the 
obser\atiuns on the niigitilioii of birds, 
56,1. 

Corresponding Societies Committee, re- 
poit of the, 41. 

Cosmoi)olitanisni and nationulisin in eco- 
nomics, by Piof \V Cunningham, 72J 

* Couvadc.* hy H, L. Kotli. 81)0, 

Conjicr ( [L A) on the advisability and 
possibility of (‘stablishing observations 
njion the piev.ilenco of eaitU Ircmois, 

Creak (Commander) on the best means of 
comparing and reducing magnetic ob- 
servations, 1 P,), ' 

Crick (\V. D ) on the ver^ fossilifcrous j 
tiansit 11)11 bed ])et\v een tlie middle an<l i 
np])er lias in North.ii]i])tonshire, 581 I 

Criminals, the anthrofioimdi ic method of | 
idiMitifving, by Dr J. C Caison, 815 ' 

Crook (H. 4’,), suggestions for tlie levision 
and iinprovenient of the large scale 
maps of the Ordnance Survey, 718. 

Crookes (W.) on electrolysis in its phy- 
sical and chemical bearings, 122; *on 
the electrical evaporation of metals 
and alloys, 607. 

Crosskey (Dr, H. W ) on the erratic 
blocks of England, Wales, an<l Ireland, 
276; on the circulation of luidergroumi 
waters, 500 ; on the teaching of science 
in elementary schools, 585 ; notes on 
the glacial geology of Norway, 617. 

Crystal form, (he, and the chemical com- 
position of bodies, tiio connection be- 
tween, W. Barlow on, 581. 


CrystallogoHus JMlssonii^ Gill, distribu- 
tion of, by J. T. Cunningham, 687. 

Crystals, the symmetry ot, accounted for 
by the application of Boscovich’s 
theory of atoms to the atoms of the 
chemist, by W. Barlow, 581, 

Cunningham (1) ) on arranging an inves- 
tigation of tlie seasonal variations of 
temperature in lakes, rivers, and es- 
tuaiies, 451. 

Cunningham (J T ) on (ho growth of 
food-lishcs and their distribution at 
different ages, 685 ; the reproduction 
of the pilchaid, ()86 ; observations of 
the larva3 of Palijun’iia vulgaris, 687 ; 
distribution of Crystallogohius Nils^- 
sotiti, (Jill, ih. 

Cunningham (Ih’of. W,), Address (na- 
tioiialisiii and cosmopolitanism in 
economics) to the Economic Science 
and Statistical Section by, 723. 


Danks (Rev. B.), burial customs of New 
Britain, 802. 

Darwin (F ), Addrcs.s (on growth-curva- 
tures in ])]an(s) to the Biological Sec- 
tion by, 6()0. 

and 1). V. ]M. Port/, on the artificial 

production of iliythm in plants, 695. 

Darwin (Prof G, H.) on the best means 
of comparing and icducing magnetic 
observations, 149, on the advisability 
and possibilitv ol establishing observa- 
tions upon the prevalence of earth 
tremors, 555. 

Davey ( II ), sinking wolD and sliaft.s, 766. 

Davi.s (J W ) on the collection, preserva- 
tion, an<l systematic registration of 
photogiaphs of geological interest in 
the United Kingdom, 521 ; on the cave 
at Elbolton, 551 ; on the prohistorio 
inhabitants of the British Islands, 449. 

Davison (C ) on the adv isability and pos- 
sibility of establishing ohseivations 
upon the prevalence of earth tremors, 
555. 

Dawkins (Prof. W. Boyd) on the work of 
the Corresponding- Societies Committee, 
41 ; on the erratic blocks of England, 
Wales, and Ti eland, 276 ; on the col- 
lection, preservation, and sj’-stematio 
icgistration of photographs of geologi- 
cal inteiest in the United Kingdom, 
521 ; on the prehi'^torlC inhabitants of 
the British Islands, 419; on the dis- 
covery of the south-eastern coal-field, 
657. 

Daw.son (Dr.G. M.) on the North-western 
tribes of the Dominion of Canada, 407. 

Deacon (G. F.) on the investigation of 
the action of waves and currents on the 
beds and foreshores of estuaries by 
means of working models, 386. 
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Deep-sea tow-net, for opening and 
closing tinder water, report of the 
Committee for improving and experi- 
menting with a, 382. 

De Ranee (C. E ) on the erratic blocks 
of England, Wales, and Ireland, 276 ; on 
the circulation of underground waters, 
300; note on the discovery of IJsthcria 
Minuta (var. lirodieana) in the new 
red sand^tone, 644. 

Desmidiace.m, non-scxual formation of 
spores in the, by A. W. Bennett, 678. 

Destitute and pauper children, the up- 
bringing of, by Itev. J. O. Bevan, 745. 

Detrital toiiiinaline, the occurrence of, 
in a quartz-schist west of Start Toint, 
South Devon, by A. R Hunt, 613. 

Dewar (Prof.) on researches on the ultra- 
violet rays of the solar spectrum, 147 ; 
on the preparation of a new scric.s of 
wave-length tables of the spectra of the 
elements and compounds, 161. 

Diastase in pollen. Prof. J. R. Green on 
the occurrence of, 606. 

Diastatic ferment in green leaves, the 
presence of, by Prof. S. H. Vines, 697. 

Diatoms with pseudopodia, .«omc species 
of, J G. Grenfell on, 680. 

Dicotyledons, internal phloem in the, 
notc.s on, by Prof. D. H. .Scott, 606. 

Didymium from different .sources. Prof. 
C. M. Thompson on, 611. 

Differences, the alleged, in the wages 
paid to men and \\oraen for similar 
work, by S. Webb, 742. 

Differential equations, the duality of, the 
transformations used in connection 
with, E. B. Elliott on, 568, 

Differential resohent.the transformation 
of a, Rev. K. Harley on, 566. 

Disappcaran<^e of native plants from 
their local habitats, fourth report on 
the, 359. 

Discharge of electricity from points, 
report on the, 139. 

Dixon (E. T.) on the importance of the 
conception of direction in natural 
philosophy, 572, 

Dixon (Prof, H. B.) on electrolysis in its 
physical and clieinical bearings, 122, 

♦Dobson (G ), the Volta river, 722. 

Domestic industries, the survival of, by 
Prof. Gonner, 740. 

Doable lines in spectra, the cause of. Dr. 
G. J. Stoney on, 574, 

Double salt, the relation between the 
composition of a, and the composition* 
and tenip(>rature of the solution in 
which it iH formed, A. Vernon Harcourt 
and F. W. Hurnphciy on, 608- 

Douglas (Prof. K. K.), the social and 
religious ideas of the Chinese, as illus- 
trated in the ideographic characters 
of the language, 796. 


Douglass (Sir J. N.) on the investiga- 
tion of the action of waves and currents 
on the beds and foreshores of estuaries 
by means of working models, 386. 

Drift, notes of a section of, at Levens- 
hulme, Manchester, by P. F. Kendall, 
650. 

Druce (G. C.) on the disappearance of 
native plants from their local liabitats, 
359. 

Dry gases, a simple apparatus for storing, 
by W. {Symons, 609. 

Duggleby ‘Howe,’ Yorkshire, liuman re- 
mains from, Dr. J. G. Garson on, 806. 

Dunstan (Prof. W. R.) on the direct 
formation of haloid compounds from 
pure materials, 274. 

Dyed colours, the action of light upon, 
interim report on, 263. 

Dynamical theorem, a geometrical illus- 
tration of a, Sir H. Ball on, 566. 


Earth tremors, the prevalence of, report 
on the advisability and possibility of 
establishing in other parts of the coun- 
try observations upon, similar to those 
now being made in Durbani in connec- 
tion with coal-mine explosions, .333. 

Earthquake and volcanic phenomena of 
Japan, elcienth report on the, 123. 

Earthquakes, phenomena whicli raiglit 
be observ able if the h) potlie-sisthat they 
arc connected witli electrical pheno- 
mena be entertained, Prof. J, IMilneon, 
583. 

East central African customs, by Rev. 
J. Macdonald, 809. 

Echidna aculeatay some 3 'oung specimens 
of, exhibition of, and remarks upon, 
by Prof. W. K. Parker, 693. 

Economic aspects of life asMirance, J. M. 
McC'andlish on soini', 739. 

Economic Science and Statist! es, Address 
(nationalism and cosmopolitanism in 
economics) by J^rof. W. Cunningham 
to the Section of, 723. 

Edmunds (Dr. L.), the taxation of in- 
ventors, 743. 

Elbolton, near Skipton, the cave at, 
report of the Committee to complete 
the investigation of, in order to ascer- 
tain whether remains of palaudithic 
man occur in the lower cave earth, 361. 

♦Electric firedamp indicators, N. Watts 
on, 773. 

Electric motors, recent progre.ss in the 
use of, by Prof. G. Forbes, 771. 

♦Electrical evaporation of metals and 
alloys, W. Crookes on the, 607. 

Electrical measurements, report of the 
Committee for constructing and issuing 
practical standards for use in, 152 ; 
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report of the Committee appointed by 
the Board of Trade, 154. 

Electrical parcel exchange system, an, by 
A. R. Bennett, 774. 

Electrical radiators, with a mechanical 
analogy, the action of, by J. Larmor, 
660. 

Electricity, the discharge of, from points, 
report on, 139. 

— , the influence of the silent dis- 
charge of, on oxygen and other gases, 
provisional report on, 264. 

Electrification of needle points in air, 
A. l\ Chattock on the, 565. 

Electrolysis in its physical and chemical 
bearings, sixth report on, 122. 

, some secret evidence for the dis- 
sociation theory of, J. Brown on, 564. 

Electrolysis of alloys, note on the, by H. 
C. Jenkins, 61.3. 

Electrolytes, dissolved, some experiments 
on the molecular refraction of, by Dr. 
J. II. Gladstone and W. Hibbert, 609. 

Electrolytic conduction, Clausius’ theory 
of, J. Brown on, and on some secret 
evidence for the dissociation theory of 
electrolysis, 564. 

Electrolytic problems, by R. L. Mond, 
664. 

Electromagnetic theory of the rotation 
of the plane of polarised light, ITof. A. 
Gray on the, 558. 

Electromagnetic waves in wires, the pro- 
pagation of, W. Thorp on, 562. 

Electro-optics, second (interim) report 
on researches on, 147, 

Electrostatic and electromagnetic mea- 
sures, the conversion of, into one 
another, Dr. G. J. Stoney on a table to 
facilitate, 677. 

Elliott (Prof. A. C.) on the compound 
principle in the transmission of power 
by compre.ssed air, 765. 

Elliott (E. B.) on the transformations 
used in connection with the duality of 
ditfcrential equations, 568 ; note on a 
method of research for invariants, ib, 

Ellis (W.) on tho best means of com- 
paring and reducing magnetic obser- 
vations, 149. 

Employers’ liability, miners’ thrift and : 
a remarkable experience, by G. L, 
Campbell, 737. 

Epipodial processes of some niidi branchi- 
ate mollusca, the innervation of the. 
Prof. W. A. Ilcrdman and J. A. Clubb 
on, 692. 

Erratic blocks of England, Wales, and 
Ireland, nineteenth report on the, 276, 

Esthcricb Minuia (var. Brodieana) in the 
new red sandstone, note on tho dis- 
covery of, by C. E. De Ranee, 644. 

Estuaries, model, Professor 0. Reynolds 
on, 387. 


Ether and alcohol, the surface-tension 
of, at different temperatures, by Prof. 
W. Ramsay, 666. 

Etheridge (R.) on the earthquake and 
volcanic phenomena of Japan, 123; 
on the registration of all the type 
specimens of British fossils, 299. 

Evans (Dr. J.) on the work of the Corre- 
sponding Societies Committee, 41 ; 
on the advisability and possibility of 
establishing observations upon the 
prevalence of earth tremors, 333 ; on 
the cave at Elbolton, 351 ; on excava- 
tions at Oldbury Hill, near Ightham, 
353 ; on the prehistoric inhabitants of 
the British Islands, 449. 

Evaiioration, the internal and external 
work of, W. W. Beaumont on, 777. 

Everett (Prof.) on standards for use in 
electrical measurements, 152. 

Ewart (Prof. C.) on the occupation of a 
table at the zoological station at 
Naples, 366. 

Ewing (Prof.) on the advisability and 
possibility of establishing observations 
upon the picvalence of earth tremors, 
333. 


Faija (H.) on some of the peculiarities 
to be observed in Portland cements, 
and on the most advanced methods 
for determining their constructive 
value, 761. 

Fcilden (Col.) on the present state of 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate 
ascertained deficiencies in the fauna 
and flora, 364. 

Felkin (Dr. R. W.) on acclimatisation, 
715. 

Ferns, prothalli and tlie propagation of, 
facts regarding, by E. J. Lowe, G87. 

and their multiple parents, E. J. 

Lowe on, 688. 

♦Fertilisation and conjugation processes 
as allied modes of protoplasmic re- 
juvenescence, Prof. M. Hiirtog on, 683. 

Festing (Gen.) on the absoqil ion spectra 
of pure compounds, 275. 

Field of geography, the, by E. G. Raven- 
stein, 703. 

♦Firedamp indicators, electric, N. Watts 
on, 773. 

Fishes, the living, the arrangement of, 
as based upon the study of their re- 
productive system. Prof. G. B. Howes 
on, 694. 

Fitzgerald (Prof. G. F.) on electrolysis in 
its physical and chemical bearings, 122 ; 
on the various phenomena connected 
with the recalescent points in iron and 
other metals, 147 ; on standards for 
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use in electrical measurements, 162; 
on arranging an investigation of the 
seasonal variations in the temperature 
of lakes, rivers, and estuaiics, 451. 

Fleming (Dr. J. A.) on electrolysis in its 
physical and chemical bearings, 122 ; 
on standards for use in electrical 
measurements, 152. 

*Floatiiig leaves, Piof. IVliall on, 695. 

Florida, the physical and industrial 
geography of, by A. Idonteliore, 720. 

Flower (Prof) on the present state of 
our knowledge of the zoology and 
botany of the West India Island^i, and 
on the steps taken to investigate 
ascertained deficiencies in the fauna 
and flora, 851 ; on the present state of 
oiir knowledge of the zoology of the 
Sandwich Islands, and on the stejis 
taken to investigate ascertained deti- 
cienoies in the fauna, 857 ; on tlie 
occupation of a table at tlio laboia- 
tory of the ^Marine biological Associa- 
tion at Plymouth, 8G1; on editing a 
new edition of ‘ Anthropological Notes 
and Queries,’ 101; on (he Mork of the 
anthropometric laboratory, 4(»5. 

*Food and population, the inciease of, 
by W. E. A. Axon, 747. 

Food-fishes, the growth of, and tlieir 
distiibution at ditterent age", J. T. 
Cunningham on, 585. 

Forbo>, (Prof. G.), recent progress in the 
use of electric motors, 77 1 

Forsyth (A K.) on can\ ing on the lahle.s 
connected with the Pellian ('(luatiori 
from the point w'liere tlio woik wa.s 
left by iJegen in iSlT, 150. 

Fossiliferous transition ImhI, the very, 
between the middle and iip]>cr lias 
in Nort))ampton>hire, rei>oit of the 
Committee appointe^l to work, in order 
to obtain a more clear idea of its 
fauna, and to fix the position of cer- 
tain species of fossil fi'-h, an<l more 
fully iinestigate the horizon on which 
the\ oeonr, .881. 

Foster (Prof. G C.) on elcctrohsis in its 
phy-ical an<l chemical licannus, 122; 
on the dbcharge of electricity from 
ixjint.s, 139; on standards for use in 
electrical mca.sureinerits, 152, 

Foster (Pi of. i\I.) on the stejis taken for 
establishing a botanical laboratory at 
Peradeniya, Ceylon, 858 ; on the occu- 
pation of a table at the lali^iratory of 
the Marine biological As.-oeiation at 

, Plymouth, .801 ; on the oiiciijiation of 
a table at the zoological station at 
Naple.s, 305. 

Fox-8trangew'ays (C.) on the circulation 
of nndergromul wate rs, ,80ft. 

Frankland (Prof.) on elect rolv.si.s in its 
pliysical and chemical bearings, 122. 


♦Frcam (W.) on the recent visitation of 
I’lutella Crucifera, 695. 

Free travel, by S. M. Burroughs, 740. 

Friendly Islands, the natural history of 
the, the progrc.ss of the investigation 
of, J. J. Lister on, 679. 

Fuller’s eartli works at Woburn, the 
extension of the, A. C. G. Cameron on, 
080. 

Funiivall (W. C.), railw'ay communica- 
tions of India, 744. 


Galton (Sir D.) on the work of the 
(’orrespoiuling Societies Committee, 
41 ; on the circulation of underground 
waters, 800. 

Galton (F.) on the work of tlio Oorre- 
sjionding Societies Committee, 4 I ; on 
editing a new edition of ‘ AutbrojK)- 
logical Notes and Queries,’ 404, 

Gardimg (W.) on the steps taken for 
C"lablishing a botanical laboratory at 
Peradeniya, Ceylon, :»58. 

Garnett (Prof. W.) on standards for use 
in electrical measurement.^, J52, 

G arson (Dr. J. G.) on tlie work of the 
Coi responding Societies Committee, 
41 ; on tlu' cnvi' at Elbolton, 351 ; 
on editing a new’ edition of ‘Antliro- 
})ologu‘al Notes and Queries,’ 401 ; on 
the work of the antbrojiometric 
laboratoiy, 40.5 ; on human remains 
from tlu* Dugghdiy ‘Ilowe,’ Yorkshire, 
800; the anthrojiomeinc inetiioil of 
idrnit dying crimlnaK, 818. 

Geikie(Sir A ), di^coveiy of the ()h‘7icllus~ 
zone in the Noit h-w’e.‘^t Highlands, 088 ; 
on some recent work of tlie (b'ological 
Survey in the archsean gneiss of tho 
North-west Highlands, 084. 

Geikio (Prof. J.) on the collection, jirc- 
sorvation, ami systematit: registration 
of jihotographs of geological interest 
in tho United Kingdom, 821. 

Genose (Prof. K. W.), some tangential 
transformations, inelnding Laguerre’s 
seim-druites rec4j»roques, 571. 

Geograjihical progress, recent, in Great 
Britain, by J. S. Keltic, 71 1. 

Geographical Section, Address (the field 
of geography) by E. G. Bavenstcin to 
the, 708. 

* , , explanation of a scries of 

maps illustrating, 718. 

Geological iSection, Addre.ss by Prof. 
T. It. Jones to the, 014. 

Geology of petroleum and natural gas, 
tlie, by W. Topley, <>37. 

Geometrical illustration of a dynamical 
theorem, Sir 11. Ball on a, OOO. 

Geometry of con focal conic.s, the, by 
I’rof. T. C. TiOwds, 570. 

George (T. G.) on tho very fossiliferous 
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transition bed between the middle and 
upper has in Northamptonshire, 334. 

German invalidity and superannuation 
law, the, L. Tylor on, and on State 
provision a^^aiiist sickness and old age, 
T.V,). 

Gibbs (Trof. AVolcott) on the preparation 
of a new.'^eiies of wavc-longtii tables 
of tlu' spectra of the elements and com- 
pounds, 1()1. 

Gills of iishes, the customary methods of 
desciibing the, 1‘rof. G. 11. Howes on, 
702. 

Gilson (Prof,), the ciliated organs of the 
leeclies, G'JO. 

tllaeial action in Pembrokeshire, on the 
evidences of, and the direotioii of the 
ic‘(‘-flo\v, by l)r. H Hicks, 010. 

Glacial gooiotry of Norway, notes on the, 
by Hr. H. W Crosskey, 047. 

<Jlacial ]>eiio/l in Noilh America, tlio rela- 
tion of, to the untKjuity of man, recent 
discoveri(‘S concerning, by Prof. G. V. 
Wriglit, 017 

Ghid.^tone (tJ ) on the teaching of .science 
in elemmitary schools, 383. 

Gladstone (Hr. J H.) on electrolysis in 
its })h\sical and chemical bearings, 
122, on tlie teaching of science in 
elemi'iilar} schools, 3S;i. 

and W. Ihbbert, .som(‘ expciiments 

on the TTiolcsndar lefraclion of dissolved 
elect roh te-', 000 

Glaishei (.1 ) on the circulation of under- 
giound w .It I'l s, ;5()0 ; on t he advi>abdity 
and possibilitv of establishing observa- 
tions upon the [iievalence of eailli 
trmnors, 3.13 

Glaisher (Hr. J. W. L ), on calculating 
tables of ccitain mathematical tunc- 
tioiis, 120 

Gla/ebiook (11. T) on electrolysis in its 
])hysj(’al and clienncnl beaiing.s, 122; 
on resoaiches on elccti o-optics, 117; 
on standaitls for use in electrical mea- 
surements, lo2. 

’’‘Glycerides, the reaetioii of, with alco- 
holic potash, by A. H. Allen, 013. 

Godman (F Hu G.) on tlic present state 
of our knovvle<lge of the zoology and 
botany of the West India I.slands, and 
on tlie steps taken to bivestigate as- 
certaincsl deiicicncies in the fauna and 
flora, 351. 

Gonner (Piof.), tlic siiiwival of domestic 
industries 74t) 

Gray (Prof. A.) on the electromagnetic 
theory of the rotation of the plane of 
polarised light, 658. 

Gray (Prof. T.) on the earthquake and 
volcanic phenomena of Japan, 123 ; on 
standards for use in electrical measure- 
ments, 152 ; on the advisability and 
possibility of establishing observations 


upon the prevalence of earth tremors, 

333. 

Gray (W.) on the collection, preservation, 
and .systematic registration of photo- 
gra])hs of geological interest in the 
United Kingdom, 321. 

Green (Prof. J. R ) on the occurrence of 
diastase in ])ollen, (JUG. 

Grcenlnil (Prof. A. G ) on calculating 
tables of certain mathematical func- 
tions, 129. 

Gienfell ( J. G ) on some species of dia- 
toms with pseudopodia, 080. 

Growth-curvatures in plants, F. Darwin 
on, GGO. 

Gunther (Hr )on the present state of our 
knowledge of the zoology and botany 
of the West India Islands, and on the 
steps taken to investigate ascertained 
desciencies in tlie fauna and flora, 
354. 


Haddon (Prof A. C.) on improving and 
ex[)eiiinent iiig with a dee])-.sea tow-net 
for opening and closing under water, 
382. 

IIa(ltield(ll A.)on the \ arions phenomena 
eoniiected with the reealeseent points 
in iron and other metals, 147. 

Haidius (t^iicen Ghailotte Islands), family 
life of the, by Rev. C. Harrison, 797. 

Hale (Prof. G. E ), the ultra-violet spec- 
trum of tlu‘ solar prominence.s, 557 

Halibinton (R. G.) on the North-western 
triiios of the Dominion of Ganada, 407. 

Haloid compounds, the direct formation 
of, from pine materials, provisional 
report on, 274. 

’•'Hambleton (tr. W.), the cure of consump- 
tion in its economic aspect, 717. 

Ilarcouit (A. Yernoii)aml F. W. Humph- 
cry on tlie relation between the eom- 
pc sit ion of a double salt and the com- 
position and temperature of the solution 
in winch it is foimed, G08 

Harcourt (L. F. Vernon), the river Usk 
and the harbour of Newport, 757. 

Harley (Rev. R ) on the transformation 
of a dilferential rc'^olvent, 6GG. 

Harmer (S. F.) on the occupation of a 
table at the laboratory of tlie Maiine 
liiological Association at Plymouth, 
3G4, 

Harrison (R ) on excavations at Oldbury 
Hill, near Ightham, 353. 

Harrison (Rcv^ C ), family life of the 
Haidas (Queen Charlotte Islands), 797. 

’•‘Harrison (T.) ami Prof. J. V. Jones on 
the periodic time of tuning-forks 
maintained in vibration electrically, 
581. 

Hartley (Prof ) on electrolysi.s in its 
physical and chemical bearings, 122 ; 
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on the preparation of a new series of 
wave-length tables of the spectra of 
the elements and compounds, 161, 

Hartog (Prof. M.) on the steps taken for 
establishing a botanical laboratory at 
Pcradeniya, Ceylon, 358; *on fertilisa- 
tion and conjugation processes as allied 
modes of protoplasmic rejuvenescence, 
683; a preliminary classidcation of 
sexual and allied modes of protoplas- 
mic rejuvenescence, &c., ih. 

Harvie-Brown (J. A.) on making a digest 
of the observations on the migration 
of birds, 363. 

Heat, the absorption of, in the solar at- 
mosphere, W. E. Wilson on, 557. 

♦Heating and ventilation of buildings, 
mechanical, by W. Key, 758. 

Ilerdrnan (Prof. W. A.) on improving 
and experimenting with a deep-sea 
tow-net for opening and closing under 
>vater, 382. 

- and J. A. Clubb on the innervation 

of the epipodial processes of some 
nndibranchiatc mollusca, 6U2. 

Hertzian oscillations along wire.s, the 
measurement of stationary, and tlie 
(lamping of electric waves. Prof. D. E. 
Jones on, 6C1. 

Heywood (J.) on the teaching of science 
in elementary .schools, 383. 

Hibbert (W.) and Dr. J. H. Gladstone, 
some experiments on the molecular re- 
fraction of dissolved electrolytes, (JOJl. 

Hicks (Dr. H.) on the prehistoric inhabit- 
ants of the British Islands, 449 ; a com- 
parison between the rocks of South 
Pembrokeshire and those of North 
Devon, 641 ; on the evidences of glacial 
action in Pembrokc.shire, and the 
direction of ice-tlow, 649. 

Hicks (Prof. W. M.)on calculating tables 
of certain mathematical functions, 129. 

Hickson (Dr.) on the present .state of 
our knowledge of the zoology of the 
Sandwich I.*>lands, and on the .steps 
taken to investigate ascertained defi- 
ciencies in the fauna, 357. 

Hillhouse (Prof.) on tlie disappearance 
of native plants from their local habi- 
tats, 359. 

♦Himalayas, physical a.spccts of the, and 
notes on the inhabitants, by Col. H. 
Tanner, 722. 

Hittite discoveries, recent, by Dr. PhenC*, 
814. 

Holdich (Lt.-Col. T. H.), the application 
of Indian geographiail survey methods 
to Afnca, 717. 

♦Homology of continents, the, by Dr. 
H. R. Mill, 715. 

Hopkinson (Dr. J.) on electrolysis in its 
physical and chemical bearings, 122 ; 
on the various phenomena connected 


with the recalesccnt points in iron and 
other metals, 147 ; on standards for 
use in electrical measurements, 152. 

Hopkinson (J.) on the work of the 
Corresponding Societies Committee, 41 ; 
on the api)lication of photography to 
the elucidation of meteorological phe- 
nomena, 130. 

Hours of labour, the data available for 
determining the best limit (physically) 
for, Dr. J. T. Arlidge on, 746. 

Howes (Prof. G. B.) on the arrangement 
of the living fishes, as ba.sed upon the 
study of their reproductive system, 
694; on the customary methods of 
describing the gills of fishes, 702. 

Hoyle (W. E.) on improving and experi- 
menting with a (Icep-hea tow-nct for 
opening and clo.sing under water, 382. 

♦ and L. F. Mas.'^ey, exhibition of a 

new apparatus for opening and closing 
a tow-net by electricity, (593. 

Hughes (Prof. T. McK.) on the erratic 
blocks of England, Wales, and Ireland, 
276. 

Hull (Dr. E.) on the circulation of under- 
ground waters, 300 ; on the advisability 
and po.ssibility of establishing obser- 
vatioms upon the prevalence of earth 
tremors, 333. 

Hull (W.) on the very fossilifcions tran- 
.sition bed between the ini<ldlo and 
ufiper has in Northainpton.shire, 334. 

Human remains from the Duggleby 
‘ Howe,’ Yorkshire, Dr. J. G. Garson 
on, 806. 

Hummel (Prof) on the action of light 
upon dyed colours, 263. 

Humphery (F. W ) and A. Vernon Har- 
court on the relation between the com- 
position of a dcniblc salt .and the com- 
jiosition and tempomtureof the solution 
in whicli it is formed, 608. 

Hunt (A. R.) on the investigation of the 
action of wave.s and currents on the 
beds and foreshores of cstuane.s by 
means of working models, 386 ; on the 
occurrence of dctrital tourmaline in a 
cpiartz-schist west of Start Point, South 
Devon, 643. 

♦Hunter (C.), description of Lewis and 
Hunter’s s^'stem of cealing ships, 763. 

Hyraenomycetes, the nuclei of the, II. 
Wager on, 700. 


Ice age, the cause of an, by 8ir R. Ball, 
645. 

Imperfections in the surface of rolled 
copper alloys, the cause of, T. Turner 
on, 607. 

♦Increase of food and population, the, by 
W. E. A. Axon, 747. 
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Itidia, railway communications of, by 
W. 0. Furnivall, 744. 

— , the recent progress of agriculture 
in, by C. L. Tapper, 532. 

Indian geographical survey methods, the 
application of, to Africa, by Lt.-Col. 
T. H. Holdich, 717. 

Indians of British Columbia, Dr. F. Boas 
on the, 408. 

Innervation of the epipodial processes 
of some nudibranchiate mollusca. Prof. 
W. A. llcrdman and J. A. Clubb on 
the, 602 

Instinctive criminality : its true character 
and national treatment, by Dr. S. A. K. 
Strahan, 811. 

Internal phloem in the dicotyledons, 
notes on, by Prof. D. H. Scott, 606. 

International standard for the analysis 
of iron and steel, third report on the 
best method of establishing an, 273. 

Invariants, note on a method of research 
for, by K. B. Elhott, 668. 

Inventors, the taxation of, by Dr. L. 
Edmunds, 743. 

Iron and steel, the best method of esta- 
blishing an international standard for 
the analysis of, third report on, 273. 

Isomeric naphthalene derivatives, fifth 
report on, 265. 


Japan, the earthquake and volcanic 
phenomena of, eleventh report on, 123. 

Jeffs (O. W.) on the collection, preserva- 
tion, and systematic regi.''tration of 
photogniphs of geological interest in 
the United Kingdom, 321. 

Jenkins (11. 0.), note on the electrolysis 
of alloys, 613. 

Johnston-Lavis (Dr.) on the volcanic 
phenomena of Vesuvius and its neigh- 
bourhood, 312. 

Jones (Prof. D. E.), on the measurement 
of stationary llertzian oscillations 
along wires, and the damping of 
electric waves, 5(51. 

Jones (Rev. E.), on the cave at Elbolton, 
351. 

Jones (Prof. G. U.), barbaric elements in 
ancient Greece and Italy, 803. 

♦Jones (Prof. J. V.) and T. Harrison on 
the periodic time of tuning-forks main- 
tained in vibration electrically, 681. 

Jones (Prof. T. R.), Address to the Geo- 
logical Sc(..Gon by, 614. 

Judd (Prof.) on the advisability and 
possibility of establishing observations 
upon the prevalence of earth tremors, 
833. 

Jukes- Browne (A. J.), the cause of mono- 
clinal flexure, (535 ; note on tin un- 
described area of lower greensand, or 
vectian, in Dorsetshire, ib. 


♦Karun river, the Bakhtiari country and 
the, by Mrs. Bishop, 722. 

Kellaways beds, the continuity of the, 
over extended areas near* Bedford, 
A. C. G. Cameron on, 636. 

Keltic (J. S.), recent geographical pro- 
gress in Great Britain, 714. 

Kendall (P. F.), notes of a section of drift 
at Levenslmlme, Manchester, 660. 

Kerr (Dr. J.) on researches on electro- 
optics, 147. 

♦Key (W.) on mechanical ventilation 
and heating of buildings, 758. 

Kidston (R.) on the registration of all 
the type specimens of British fossils^ 
299 ; on the collection, preservation, and 
systematic registration of photograplis 
of geological interest in the United 
Kingdom, 321. 

Kilimanjaro and Lake Chala, a visit to, 
by Mrs. F. Sheldon, 719. 

Knubley (Rev. E. P.) on making a digest 
of the observations on the migration of 
birds, 3G3. 

Krause (Prof. W.) on anatomical nomen- 
clature, 682, 


Labour and capital — their differences 
and how to reconcile them, by C. H. 
Perkins, 735. 

Lake Chala, a vi>it to Kilimanjaro and, 
by Mrs. F. Sheldon, 719. 

♦Lake Ngami region, journeys to the, by 
II. D. Buckle, 719. 

♦Larnington (Lord), the Siam border, 
720. 

Langley (Prof. J. W.) on the best method 
of establisliing an international stand- 
ard for the anal} sis of iron and steel, 
273. 

Lankester (Prof. Ray) on the occupa- 
tion of a table at the laboratory of the 
Marine Biological Association at Ply- 
mouth, 364 ; on tlie occupation of a 
table at the zoological station at 
Naples, 365. 

Larmor (J.) on the present state of our 
knowledge of thermodynamics, spe- 
cially with regard to the second law, 
86 ; on electrolysis in its physical and 
chemical bearings, 122 ; the action of 
electrical radiators, with a meclianical 
analogy, 560. 

Laurie (A. P.) on the existence of a com- 
pound in alloys of gold and tin, 607. 

Lava beds of California and Idaho, the, 
and their relation to the antiquity of 
man, by Prof. G. F. Wright, 651. 

Lebour (Prof. G. A.) on the circulation 
of underground waters, 300; on the 
advisability and possibility of esta- 
blishing observations upon the preva- 
lence of earth tremoi®. 33? 
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♦Leconto (Prof), experimental study of 
a curious movement of ovoids and 
ellipsoids, o8H. 

Leeches, the ciliated organs of the, by 
Prof. Gilson, 090. 

Leeds (Ur. A. 15 ) on the bibliography of 
solution, 273. 

Lenses, the measurement of, Prof. S. P. 
Thompson on, 580. 

*Le Play’s method of systematic obser- 
vation, by F. Auburtin, 747. 

Lewes (Prof. V 15.), the spontaneous 
Ignition of coal, G02. 

Lewis (Prof T. C.), the geometiy of con- 
focal conic.s, 570, 

♦Lewis and Hunter's .system of coaling 
ships, description of, by C. Hunter, 7G3. 

Life assurance, some economic aspects 
of, J. M. McCandlish on, 739. 

Light, the action of, upon dyed colours, 
interim rejiort on, 2G3. 

, the velocity of, in the neighboiir- 

liood of rapidly moving matter. Pi of. 
(-). J. TiOdge on an experiment on, 5GO. 

Lighting ot railway trains electrically, 
the, by I A. Timmi^, 773. 

Liquid jets under gravity, llev. II. J. 
tSbarpe on, oG8. 

Liquid resistances the measurement of, 
J. ywinburne on, 5G5. 

Lister (J. J ) on the progress of the 
inve.stigation of the natuial history of 
the Friendly Islands, G79 

Liveiiig (Pi of ) on le.seaiches on the 
ultra-vioh't rays of the s(»lar speo- 
trum, 147; oti the preparation of a 
new series ot wave-length tables of 
the spectia of the elements and com- 
poumls, IGl. 

Lloyd (Dr. It J ) on recent progress in 
the analysis of vowel-sounds, 79G 

Lockyer (J. N ) on the piejiaration of a 
new series ot wave-length tables of 
the .spectra of the elements and com- 
pounds, H»I. 

Lodge (Prof. A.) on calculating tables of 
certain mathematical functions, 120; 
on carrying on the tables connected 
with the Pcllian ecjuation from the 
point where tlie work was left by 
Degen in 1817, 160. 

Lodge (Prof, O. J.) on clectroly.sis in its 
physical and chemical bearings, 122; 
on the di.scharge of electricity from 
points, 139 ; on standards for use in 
electrical measurements, 152; Address 
to the Mathematical and Pliysical Sec- 
tion by, 547 ; on an cxiicrimont on the 
velocity of light in the neighbourhood 
of rapidly moving matter, 5G0; ♦on 
units and their nomenclature, 577. 

London-Paris telephone, the, by \V. H. 
Precce, 7G7. i 

Lowe (E. J ), facts regarding prothalli i 


and the propagation of ferns, 087 ; on 
ferns and their multiple parents, 688. 

Lower greensand, or vectian, note on an 
undescribed area of, in Doi^etshire, by 
A. J. Jukes-Browne, G35. 

Lower tertiar}" tish fauna of Sardinia, 
remarks on the, by A. S. Woodward, 
G3L 

Lubbock (Sir J) on the teaching of 
science in eleinenlMry .•schools, 383; 
on the prehistoric inhabitants of the 
British l.slands, 449. 


McCandlish (J, M.) on some economic 
asjiecls of life assurance, 73‘.), 

Macdonald (Bev. J.), East ccntial African 
customs, 809. 

McLaren (Lord) on meteorological ob- 
servations on Ben Ke\is, 1 10. 

McLeml (Prof. H ) on electrolysis in its 
physical and chemical beaimgs, 122; 
on the best methods of lecording the 
dnect intensity of solar radiation, 
IGO; on the inlliionce of the silent 
discharge of ckxjtricity on oxygim and 
otlier gases, 2G4 ; on the bibliography 
of spectroseopy, ih. , on the biblio- 
graphy of solution, 273; *the action of 
heat on alkaline hvfjoehlonles, GOO. 

^ladan (H. G.) on the bibliogiaphy of 
speetro>copy, 2G1. 

♦M.ignetio ex^xTimcmts made in con- 
nection with the determination of the 
rate of ])ropagat ion of magnetisation 
in iron, l>y F. T Trouton, 581. 

Magnetic iield in tlie neighbourhood of 
the Soutli London elect ric.al railway, 
I’rof.s. W. E. Ay'rton and Kiicker on 
the. 581. 

Magnetic observations, lojiort of the 
Committee for consideiing the best 
means of comparing and reducing, 
149. 

’•‘Magnetisation in iron, the rate of pro- 
pagation of, magnetic ('xpcriinents 
made in connection with the di'termi- 
nation of, by F. 'J'. Tiouton, 581. 

Magnus (Sir P) on the teaching of 
science in (dementary .schools, 38.5. 

Mammoth, the, in Ontario, C'aiuida, by 
Prof. J. H. Panton, G5I. 

Man (E H.), Nicobar jiotlory, 815. 

♦Maps, a local collection of, dcsciipiion 
of, 718. 

* illustrating Mr. Ravenstein’s Ad- 

dress to Bcction E, explanation of, 718. 

Marine Biological Association, at Ply- 
mouth, rejxirt of the Cornniitteo for 
arranging for tlie occupation of a table 
at the labor.itory of the, 3t>4. 

, recent investigations (lishery ami 

phvsical) of the, W. L. Calderwood on, 
685. 
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Marr (J. E.) on the registration of all 
the type specimens ot British fossils, 
290. 

Marshall (Brof. A. !M.) on the occupation 
of a table at the zoological station at 
Naples, 

Marten (?h J3.) on the circulation of 
underground waters, IIOO. 

Maskelyno (l*rof. N S ) on the teaching 
of science in elenmntary schools, 

♦Massey (L, F.) and W F. Hoyle, exhi- 
bition of a new apparatus for opening 
and closing a tow-net by elcctiicitv, 
()9:h 

Mastodon, the, in Ontario, Canada, by 
Prof. J H. Panton, (lol. 

Mathematical and Pli\sical Section, Ad- 
dress by Prof. O. J. Lodge to the, 
547. 

Mathematical fuiudions, second report 
of the Coinniittee for calculating tabh's 
<jf certain, and, if ncc« ^saly, for taking 
steps to cany out the calculations and 
publishing the results lu an accessible 
form, 129 

Meakm (J. K. B ), Morocco as a field 
for geograidieis, 715 ; the Morocco 
Berbers, SOL 

Measurement of lenses, Prof. S. P. Thomp- 
son on the, 5S0. 

MoasuronH'nt of li(]\iid lesistance.s, J. 
Swinburne on the, .j/if). 

Mechanical Section, Addioss by T. F 
Brown to tlie, 7 19. 

♦Mechanical ventilation and heating of 
buildings, W Key on. 7. ‘>8. 

Meldola (Piof. K) (Ui tin* w’oik of the 
C'Orresponding Sooietiea Coininittei*, 

41 ; on the apidication of jihotograpliy 
to the elucidation of meteorological 
phenoiiK'na, 190; on the ailvi.sability 
and juis.^ibilit V of e.stablisliing observa- 
tions u]>on the pKa.ilence of earth 
trcmois, ; on the ]uehistoiic in- 
liahitaiits of the British Islands. 419 

Melly (\V. Iv.) on the occupation of the 
table at the zoological station at 
Naples, iU)(). 

Meteorite.s, the woisbip of, Prjf. H. A. 
Newton on, SO."). 

Meteorological ob.sorvations on P)en 
Nevis, lepoit of the (aunmittee for 
co-o])erating with the Scottish Meteor- 
ological Society in inaknig-, 1 10. 

Meteorological jihcnonieii.i, the a]iplica- 
tion of ;'hotogra])hy to the elueidalion 
of, report on, 1.90. 

♦Miall (Piof ) on lloating leaves, 095. 

Migration of birds, report <d’ the Com- 
mittee for making a digest of the ob- 
servations on the, 959. 

Mill (Dr. If. K.) on ariangiiuran invi’s- 
tigation of the seasonal vaiiationsof i 
tcmperatuie in lakes, rivers, and cs- 1 


tuaries, 454 ; *the homology of conti- 
nents, 715. 

Milne (Prof. J.) on the earthquake and 
volcanic jihenomena of Japan, 123 ; on 
phenomena which might be observable 
if the hypothesis that earthquakes are 
connected with electrical piienomena 
be entertained, 589. 

Milne- Home (Mr.) on meteorological 
observations on Ben Nevis, 140. 

Miners’ thiift and emplo^'ers’ liability: 
a remarkable experience, by G. !>. 
Campbell, 797. 

Molecular refraction of dissolved electro- 
lytes, some experiments on the, by 
Dr. J. H. Gladstone and W. Hibbert, 
509. 

Mond (L.) on nickel carbon oxide and 
Its apidication in arts and manufac- 
tures, 502. 

Mond (R. L ), electrolytic problems, .561. 

Monoclinal tiexure, the cause of, by A. J.. 
Jukes- Browne, 595. 

Montetiore (A.), the physical and indus- 
trial geography of Florida, 720. 

Moon (W.), absolute units ot measure- 
ment, 580. 

Moor (C. G.) on a new method of disposal 
of sewage, with some roLerenccs to 
schemes now in use, 512. 

Morgan (E. D ), antaictic exploration,. 

719. 

IMoroeco as a field for geographers, by 
j J. E B. M(*akin, 715. 

' Morocco Berbeis, the, byJ E.B. Meakin, 
i 804. 

I ‘ Moiong,’ the, and other customs of the- 
' natives of Ass.am, S E. Peal on, 8t)l. 

I Morns (D.) on the present state of our 
' knowledge of the zoology and botany 
of the West India Islands, and on the 
steps taken to investigate ascertained 
dcticienciCvS in the fauna and flora, 354. 

^loiton (G. H.) on the circulation of 
undeiground waters, 900 

‘ jMountain Chant,’ the, the Nav^ajo myth 
entitled, points ot contact between 
old-world myths and customs and, by 
Miss A. W. Bnckland, 8(>8. 

Muirhead (Dr.) on the prehistoric in- 
habitants of the Biitisli Islands, 449. 

Muiihcad (Dr. A ) on standards for us® 
in elcctiical measureraciils, 152. 

Muller (Prof. F. Max), Addiess to the 
Anthropological Section by, 782; on 
tlievYorkof Major J. W. J’ovvell, director 
of the U.S. Etimological Bureau, 798. 

Miinro (Dr. K.) on the prehistoiic inlia- 
I bitants of the British Islands, 149. 
j IMiurav (Dr. J ) on meteoi ological obser- 
vations on Ben Nevis, 140; on arranging 
an investigation of the seasonal varia- 
tions of tcmiicrature in lakes, rivers, 
and estuaries, 454. 
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Mus ransculasand Mus decuraanus, some 
points in' the early development of : 
the relation of the yolk sac to the 
decidua and the placenta, by Dr. A. 
Robinson, (190. 

, observ'ations upon the development 

of the spinal cord in : the formation of 
the septa and the fissures, by Dr. A. 
Robinson, 691. 


Nationalism and cosmopolitanism in 
economics, by Prof. W. Cunningliam, 
723. 

Natural history of the Friendly Islands, 
the progress of the investigation of the, 
J. J. Lister on, 679. 

Navajo myth, the, entitled ‘the Mountain 
Chant,’ point.s of contact between old- 
world nivths and customs and, by Miss 

A. W Auckland, 808. 

Kematophycus, a .species of, in the Silu- 
rian beds at Tymawr quarr}^ lUimney, 
J. Storrie on the occurrence of, G52. 

New Britain, burial customs of, by Rev. 

B. Danks 802. 

Newall (H. F.)on the various phenomena 
connected with the recalc-^ccnt points 
in iron and other metals, 147. 

Newport, the harbour of, and the river 
Uak, by L F, Vernon Harcourt, 757. 
Newton (Prof.) on the present state of 
our knowledge of the zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deticiencies in the fauna and 
flora, 354 ; on the pre.sent state of our 
knowledge of the zoology of the Sand- 
wich Island.s, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 357 ; on making a digest 
of the observations on the migrationof 
birds, 363. 

Newton (E T.), note on the occurrence of 
Avimo7iut‘8 juren^ in the ironstone of 
the Northampton sands, in the neigh- 
bourhood of North.ampton, 655. 

Newton (Prof. II. A.) on the capture of 
comets by planeLs, especially their cap- 
ture by Jupiter, 611 ; on the worship 
of meteorites, 806. 

Nickel carbon oxide and its application 
in arts and manufactures, L. Mond on, 
602. 

Nicobar pottery, by E. H. Man, 815. 
Nicol(Dr.)on the bibliography of .solution, 
273 ; on the properties of solutions, ih. 
Nitro.syl chloride, action of, on unsatu- 
rated carbon compounds, by J. J. 
Sudborough, 612. 

Non-conduct mg coverings for steam 
boilers and pipes, on tlic comparative 
value of various .substances used as, by 
W. H. Collins, 780. 


Non-sexual formation of spores in the 
Desmidiacem, by A. W. Bennett, 678. 

♦Normal to a conic, note on the, by 
R. H. Pinkerton, 572. 

North-western tribes of the Dominion of 
Canada, seventh report on the physical 
characters, languages, and industrial 
and social condition of the, 407 ; third 
report on the Indians of British 
Columbia, by Dr. F. Boas, 108. 

Norway, notes on the glacial geology of, 
by Dr. H. W. Crosskey, 647. 

Nuclear structure in the bacteria, H. 
Wager on, 681. 

Nudibranchiate inollusca, the innervation 
of the epipodial jirocesses of some. 
Prof. W. A. Herdman aud J. A. Clubb 
on, 692. 


Observing, the art of, by J. Coles, 714. 

Oldbury Hill, near Ighthara, report of the 
Committee for carrying on excavations 
at, in order to ascertain the exi.stenco 
or otiierwi.se of rock-shelters at this 
spot, 363; preliminary note.s on the 
e.xcavations at, by Dr. J. Prestwich, 
651. 

Old-world m>dhs and custora.s and the 
Navajo myth entitled ‘ the Mountain 
Chant,’ points of contact between, by 
Miss A. W. Bucklarul, 808. 

OliiJielluH-zonQ^ di.scovery of the, in the 
North-west Highlands, by Sir A. Geikic, 
633. 

Ordnance Survey, the large scale maps 
of the, .suggestions for the revision 
and improvement of, by 11. T. Crook, 
718. 

•Ovoids and ellipsoids, experimental 
study of a curiou.s movement of, by 
Prof. Leconte, 583. 


Pacliytlipccb in the .silurian bofls at Ty- 
mawr quarry, Kumney, .1. tStorrie on 
the occurrence of, 652. 

Palimvrm vulgarin^ the larvjc of, observa- 
tions on, by J. T. Cunningham, 687. 

Panton (Prof. J. II.), the ma.stodon and 
mammoth in Ontario, Canada, 654. 

Parker (J.) on the circulation of under- 
ground waters, 309. 

I’arker (Prof. W. N.) *on some simple 
models illustrating the vascular system 
of vertebrates, 679 ; exhibition ot, and 
remarks upon, .some young specimens 
of Echidrui acxUeata^ 693 ; experiments 
on re.spiration in tiwlpoles of tlio com- 
mon frog {Rana temfwrana^iWH. 

•Parrot, a very small, from the Solomon 
Islands, exhibition of, by Canon Tris- 
tram, 702, 
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Pauper and destitute children, the up- 
brinffinj? of, Rev. J. O. Bevan on, 745, 

Peal (S. E.) on the ‘morong’ and other 
customs of the natives of Assam, 801. 

Poaty colouring matters in sewage, the 
formation of, by the action of micro- 
organisms, W. E. Adcney on, G12. 

Pellian equation, interim report of the 
Committee for carrying on the tables 
connected with the, from 11»o point 
where the work was left by Degcn in 
1817, 160. 

Pcngelly (W.) on the erratic blocks of 
England, Wales, and Ireland, 276 ; 
on the circulation of underground 
waters, 000 ; on the cave at Elbolton, 
351 ; on the prehistoric inhabitants of 
the British Islands, 449. 

Peradeiiiya, Ceylon, fifth report on the 
steps taken for establishing a botanical 
laboratory at, 358. 

’•‘Periodic motion of a finite con.servativc 
system, Sir W. Thomson on, 566. 

•Periodic time of tuning-forks main- 
tained ill vibration electrically, Prof. 
J. V. Jones and T. Harrison on the, 
681. 

Perkin (Dr ) on the action of light upon 
dyed colour^, 263, 

Perkins (C. ll.), hibour and capital — 
their diffeienccs and how to reconcile 
them, 735. 

Perry (Prof. J ) on the earthquake and 
volcanic [ilicnomena of Japan, 123; on 
Standards for use m electrical measure- 
ments, 152. 

Peru (D. F. IM.) and F, Darwin on the 
artih(;ial ])ioduction of rhythm in 
plants, 695 

Petroleum, the origin of, by O. C. D. 
Ross, 639. 

Petroleum and natural gas, the geology 
of, by W. 'I'opley, 637- 

Petroleum oil-engines, Prof. W. Robinson 
on, 759. 

Phen6 (Dr. J. S.), changes in coast lines, 
716 ; on comparison of ancient WeNh 
<;iist<mis, do^ ices, and commerce with 
those of contemporary nations, 807 ; 
recent Ilittite discoveries, 811. 

Phenomena wliich might be observable 
if the hypothesis that earthquakes are 
connected with elcctriCcd plienomcna 
be entertained, Prof. J. Milne on, 583. 

Photographs of geological interest in the 
United Kingdom, second report on the 
collection, preservation, and systematic 
registration of, 321. 

Photography, the application of, to the 
elucidation of meteorological pheno- 
mena, report on, 130. 

•Photography applied to exploration, by 
J. Thomson, 719. 

Physical and Mathematical Section, 


Address by Prof. 0. J. Lodge to the, 
647. 

Pickering (Prof.) on the bibliography of 
solution, 273. 

Pilchard, the reproduction of the, by J. 
T. Cunningham, 686. 

•Pinkerton (11. H.), note on the normal 
to a conic, 672. 

Pitt-Rivers (Gen.) on the work of the 
Corresponding Societies Committee, 
41 ; on editing a new edition of ‘An- 
thropological Note.s and Queries,’ 404. 

Plant (J.) on the erratic blocks of Eng- 
land, Wales, and Ireland, 276; on the 
circulation of underground waters, 300. 

Plesiosaurian and pterosaurian reptiles 
ill the cretaceous strata of Brazil, evi- 
dence of the occurrence of, by A. S. 
Woodward, 635. 

•Plutella Crucifera, the recent visitation 
of, W. Fream on, 695. 

Polarised light, the electromagnetic 
theory of the rotation of the plane of. 
Prof. A. Gray on, 658. 

•Polariscr, a new. Prof. S. P. Thompson 
on, 680. 

PoLyzoa {Brynzoa) of the zones of the 
upper chalk, notes on the, by G. R. 
Vine, 650. 

♦Pontypridd and Ystradyfodwg main 
sewerage, the, by G. Chatterton, 757. 

•Population, the increase of food and, bv 
W. E. A. Axon. 747. 

Population in England and Wales, recent 
changes in the distribution of, by E. 
Cannan, 747. 

Portland cements, on some of the pecu- 
liarities to be observed in, and on the 
most advanced methods for determin- 
ing their constructive value, by H. 
Faija, 764. 

Powell, Major J. W., director of the U.S. 
Ethnological Bureau, the work of, Prof. 
iVIax Muller on, 798. 

Poynting (Prof.) on electrolysis in its 
])hysical and chemical bearings, 122. 

•Prairies and tree.s, by M. Christy, 715. 

Prawle problem, the, by W. A. E. Ussher, 
642. 

Preece (W. H.) on standards for use in 
electrical measurements, 152 ; *on 
units and their nomenclature, 677; the 
London- Paris telephone, 767 

Prehistoric and ancient remains of Gla- 
morganshire, the formation of a record 
of the, by K. Seward, 811. 

Prehistoric inhabitants of the British 
Islands, the localities in which evi- 
dences are found of the existence of, 
iifth report of the Committee for 
a.scertaining and recording, 449. 

Prestwich (Prof. J.) on the erratic blocks 
of England, Wales, and Ireland, 276; on 
the circulation of underground waters 
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300 ; on the advisability and possibility 
of establishing observations upon the 
prevalence of earth tremors, 333 ; on 
excavations at Oldbury Hill, near Igh- 
tham, 353; preliminary n^tes on the 
excavations at Oldbury Hill, G51. 

Price (Prof. B ) on calculating tables of 
certain mathematical functions, 121). 

Prothalli and the propagation of ferns, 
facts regarding, by K. J. Lowe, 687. 

♦Protoplasmic rejuvenescence, fertilisa- 
tion and conjugation piocesses as allied 
modes of, Prof. M. Hart og on, 683. 

, a preliminary classification of 

sexual and allied modes of, by Prof. M. 
Hartog, 683. 

Pterosaunan and plcsiosaurian reptiles 
in the cretaceous strata of Brazil, evi- | 
deuce of the occiirrence of, by A. y 
Woodward. 635. 

♦Pyronietrio measurements, certain, and 
metluKls of recording theiii, by Prof. 
W. C. Boberts-Austen, 607. 


Railway communications of India, by 
W. (’. Furniva'l, 7 1 1. 

Ramsay (Piof W ) on clcctrolNsi" in it', 
physical and clieinical be.irin^’s, J22 ; 
on the intliience of the silent dis- 
charge of electricity on oxvgen and 
other gases, 264 ; on tlie bibliography 
of solution, 273 ; on the propertic-. of 
solutions, ?5. ; the surfa< o-tcnsion of 
ether and alcohol atdilleicnr lernfHTa- 
tuies, 565 , *on the iiatuie of solution, 
612. 

Ravcristein (E, G ), Address to the Gco- 
graplncal Section (the held of geo- 
grapliy) by, 763 ; *explanation of a 
senes of inajis illustrat iiig his Ad<1rt's'., 
718 ; *on the projKisod forma’ ion ol a 
topographical .society in Garditl, 722 

Rawson (Sir J{ ) on the work of the 
Corresponding Societies Commit ti-e, 
41, 

Rayleigh (Prof. Lord) onelectrolisisinits 
physical and chemical beanng-t, 122: 
on calculating tablc'^ of eeitain rnatlie- 
inatical functions, 12i> ; on .standards 
for use in electiical mcasm eiin-rits. 
152; on reflection near the f»<darising 
angle from the clean surlaccs of 
liquids, 563. 

Kecale.sceiit points in iron and otlier 
metals, the ^a^ion.s phenomena con- 
nected with the, third (inteiim) rcpoit 
on, 147. 

Reed (Sir E ) on the Channel tubular 
railway, 75S. 

Rcliection near tlic polarising angli* from 
the clean sni faces of lujuifls, Loui 
Rayleigh on, 563. 

Reid (A. S.) on the collection, prcse.va- 


tion, and systematic registration of- 
photographs of geological interest in 
the United Kingdom, 321. 

Rcinold (i’rof.) on electrolysis in its 
physical and chemical bearings, 122; 
on the bibliography of spectroscopy, 
261 . 

Kespiration in tadpoles of the commork 
frog (Rana trmjjoraria), experiments 
on, by Prof. W. N. Paiker, 631. 

Revolving purifier for the treatment of 
water by metallic iron, Dr. \V. Ander- 
son on the, 762. 

Ri'vnolds (Prof. O.) on the investigation 
of the action of waves and cui rents on 
tiic beds aiul foreshores of estuaries 
by means of working models, 386 ; on 
model estuarie.s, 387. 

Rhythm in plants, the artificial produc- 
lion of, F. Darwin and 1). F. ]\I. Peitz 
on, 6‘3 j 

Riley (Piof ) on the present state of our 
knowledge of the zoology ot the >San(l- 
wich Inlands, and on the steps taken 
to investigate ascertained deficiencies 
in tile fauna, .”>57. 

Riley (E ) on the best metliod of esta- 
blishing an international st iiidard for 
the analysis of non and steel, 27.1 

Roberts (L) on the circulation ot under- 
ground watiU', 300 ; on the aiK isability 
and possibility of I'stablishing observa- 
tioin upon till' )>io\al(‘nce of earth 
tUMiior", ft33 ; on arranging an investi- 
g.ition of tlic seasonal \ariatu»ns of 
tempeiature in hikes, livers, and e»tu- 
arie-s, |5!. 

lloheil^-Aiistt n (Piof W. C ) on elcc- 
tioUsis in its physical and < hernieal 
healings, 122; on the various pheno- 
imm.i connected with the leixilescint 
jioints in iron and other met.ds, 117; 
on the hihliograpliy of &]>ect loseupy, 
261; on the best method of esta- 
blishing ail inteinational st.mdtiid tor 
the amdvsis ol lum an<l steel, 273 ; 
Addrc'-s to I he Chemical Section by, 
5^1; *001 (am p^roiuetiic nieasiiio- 

ments and met hods of recoidiiig tlunn, 
607. 

— - and Piof. A. W Rtieker on the 
specilie heat ol basalt, 610. 

Robinson (Dr. A), some ponit-. in tho 
(•ally development of IMus imisculus 
ami Mih deciirnamis tlie relation of 
lhf‘ yolk sac to the (ler,i<lu;i and the 
jil.ieenta, 6110; obsc-rvations ntxm tho 
ilevelopriient of the .siiinal coni in Mas 
inuseulus and Mas dcciimamis : the 
foimation of the .septa and tlic tissiires, 
61U. 

Robinson (Prof. W.), petroleum oil- 
engines, 750. 

Rocks of Siuth Pembrokeshire, the, and 
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those of North Devon, a comparison 
between, by Dr. H. Hicks, 641. 

Boiled copper alloys, the cause of imper- 
fections in the surface of, T. Turner 
on, 607. 

Boscoe (Sir II. E.) on the best methods 
of recording the direct intensity of 
solar radiation, 160; on the prepara- 
tion of a new series of wave-length 
tables of the spectra of the elements 
and compounds, 161 ; on the teaching 
of S(;ience in elementary schools, 383. 

Boss (O. C. U.), the origin of petroleum, 
631>. 

Botation of the sun, on observing the, 
with the spectroscope, by Dr. Q. J. 
Stoney, 673. 

Roth (H. L ), ‘ coiivade,’ 800. 

Biicker (Prof. A. W.) on electrolysis in 
its physical and chemical bearings, 
122 ; on resoaiclios on electro-optics, 
147 ; on the best nie.ans of comparing 
and reducing magnetic observations, 
149. 

and Prof. W. E. Ayrton on the 

magnetic field in the neighbourhood 
of tlie South London electrical railway, 
581. 

and Prof. W C. lloberts- Austen on 

the specific hoiit of basalt, 610. 

Budler (F. W.) on tho volcanic pheno- 
mena of Vesuvius and its neighbour- 
hood, 312. 

Bussell (I’rof.) on the action of light 
upon dyed colours, 263. 


’'“Safety lamps, an apparatus for testing, 
by Prof. F. Clowes, (111. 

Salvin (O ) on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deliciencies 
in the fauna, .3.'i7, 

Sandwich Islands, draft report on the 
present state of our knowledge of the 
zoology of the, and on the steps taken 
to investigate ascertained deficiencies 
in the fauna, 357. 

Savage religion, the limits of, Dr. E. B. 
T 3 dor on, MOO. 

Schlichter (Dr. II.), tlic gcogi*ap)hy of 
South-west Afiica, 719. 

Schuster (Prof. A.) on electrolysis in its 
phj'sical and chemical bearings, 1 22 ; 
on researches o 1 the ultra-violet rajs 
of the solar spectrum, 147 ; on the 
best means of comparing and reducing 
magnetic observations, 149 ; on stand- 
ards for use in electrical measure- 
ments, 152 ; on the licst methods of 
recording the direct intensity of solar 
radiation, 160 ; on the preparation of 
a now series of wave-length tables of 
18 ? 1 . 


the spectra of the elements and com- 
pounds, 161. 

Science, the teaching of, in elementary 
schools, report on, 383. 

Sclater (Dr. P. L ) on the present state 
of our knowledge of tlie fauna and 
flora of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
flora, 354 ; on the present state of our 
knowledge of the zoology of the Sand- 
wich Islands, and on the steps taken 
to investigate ascertained deliciencies 
in the fauna, 357 ; on the occupation 
of a table at the zoological station at 
Naples, 365. 

Scott (Prof. D. H,), notes on internal 
jihloera in the dicotyledons, 696. 

Screw propellers, action of, Major R. 
de Villamil, 780. 

Screw propulsion, a new system of, with 
non-reversiblc engines, W. W. Beau- 
mont on, 779. 

Seasonal variations of temperature in. 
lakes, rivers, and estuaries m various 
parts of the United Kingdom, fourth 
and final report of the Committee for 
arranging an investigation of the, in 
co-operation with tho local societies 
represented on the Association, 454. 

’•'Sea- wanderings, the (ir.sl, of the English 
race, by W. M. Adams, 808. 

Sedgwick (A ) on the occupation of a 
table at the zoological station at 
Naplc.s, 365. 

Seeley (Prof. II. G.) on excavations at 
Oldbury Hill, near Ightham, 353. 

Sewage, a new method of disposal of, 
with some references to schemes now 
in use, C. G, Moor on, 612. 

, the formation of peaty colouring 

matter.s in, by the action of micro- 
organisms, W. E. Adeney on, 612. 

Seward (E.) the formation of a record of 
the prehistoric and ancient remains of 
Glamorganshire, 811. 

Sexual and allied modes of protoplasmic 
rcjuveiie.scence, &c , a preliminary 
tilassilication of, b}^ Prof. M. Hartog, 
683. 

Sharp (Dr. D.) on the present state of 
our knowledge of tho zoology and 
botany of the West India Islands, and 
on the steps taken to investigate as- 
certained deficiencies in the fauna and 
llora, 354 ; on the present state of our 
knowledge of the zoology of the 
Sandwich Islands, and on the steps 
taken to investigate ascertained de- 
ficiencies in the fauna, 3.'57. 

Sharpe (Rev. 11. J.) on liquid jets under 
gravity, 568. 

Shaw (W. N.) on electrolysis in its phy- 
sical and chemical bearings, 122; on 
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standards for use in electrical mea- 
surements, 152. 

Sheldon (Mrs. F.), a visit to Kilimanjaro 
and Lake Chala, 719. 

Shelford (W.) on the investigation of the 
action of waves and currents on the 
beds and foreshores of estuaries by 
means of working models, 38G. 

Shenstone (W A ) on the influence of 
the silent discharge of electiicity on 
oxygim and other gases, 2()4: ; on the 
direct formation of haloid compounds 
from puie materials, 274. 

Slierborn (C. D.) on the regi.stration of 
alllhctypc speciincnsof British fossils, 
299. 

♦Siam border, the, by Lord Lamington, 
720. 

Similkameen Indians of British Columbia, 
account of the, by Mrs. S. S. Allison, 
815. 

Sinking wells and shafts, by H. Davey, 
766. 

Sladen (P.) on the occupation of a table 
at the zoological station at Naples, 3(55. 

Smith (Dr. Wilbcrforcc), on the work of 
the anthropometric laboratoiy, 405. 

Smyth (Dr, C, P.) on researches on the 
ultra-violet rays of the solar spectrum, 
147 ; comparison of eye and hand 
registration of lines in the violet and 
ultra-violet of the solar spectrum, 
against photographic records of the 
same, with the same instrument, after 
a lapse of several ycar.s, 573. 

Snelus (G. J.) on the best method of 
establishing an international standard 
for the analysis of iron and steel, 273. 

Solar radiation, seventh report on the best 
methods of recording the direct in- 
tensity of, IGO. 

Solar spectrum, the ultra-violet rays of 
the, report on researches on the, 147. 

Solution, the bibliegraidiy of, fifth 
report on, 273, 

♦ , the nature of, Prof. W. Ilamsay 

on, 612. 

Solutions, the properties of, fifth report 
on, 273. 

Sorby (Dr. II. C.) on arranging an inves- 
tigation of the seasonal variations of 
temperature in lakes, rivers, and estu- 
aries, 454. 

South-eastern coal-field, the discovery of 
the, Prof. W. Boyd Dawkins on, 637. 

Spectre,, on the cause of double lines in, 
by Dr G. J. Stoney, 574. 

Spectra of the elements and compounds, 
report on the preparation of a new 
series of wave-length tables of the, 
161. 

Spectroscopy, the bibliography of, third 
report on, 264. 

Spiller J.) on the best method of esta- 


blishing an international standard for 
the analysis of iron and steel, 273. 

Spontaneous ignition of coal, the, by 
Prof. V. B. Lewes, 602. 

Springer (Dr. A.), a latent characteristic 
of aluminium, 583. 

State provision against sickness and old 
age, and the (ierm.an invalidity and 
.superannuation law, by L. Tylor, 739. 

Statistics, Economic Science and, Address 
by Prof. W. Cunningham to tlie Sec- 
tion of, 72 3. 

Steady platform for guns, &c., at sea, a, 
by B. Tower, 703. 

Steel and iron, the best method of esta- 
blishing an international standard for 
the analysis of, third report on, 273. 

Steward (Kev. J. 0 ) on arranging an in- 
vestigation of the seasonal variations 
of temperature in lakes, rivers, and 
estuaries, 454. 

Stokes (Sir G. G.) on the best methods 
of recording the direct intensity of 
solar radiation, 160. 

Stoney (Dr. G. J.) on the best methods 
of recording the direct intenbity of 
solar radiation, 160; note on ob.serving 
the rotation of the .sun with the spec- 
troscope, 573 ; on tlic cause of double 
lines in spectra, 574 ; on a table to 
facilitate the conver.sion of electro- 
static and electromagnetic measures 
into one another, 577. 

Stooke (T. S.) on the circulation of under- 
giound waters, 300. 

Storrie (J.) on the occurrence of panhj- 
theca and .a species of nemntophycus 
in the Silurian beds at Tymawr cpiarry, 
Eiimney, 652. 

Strahan (Dr. S. A. K ), instinctive crimi- 
nality : its true character and national 
treatment, 811. 

Stroud (Prof.) on the action of light upon 
dyed colours, 263. 

Stroud (Prof. W.), some revolutionary 
suggestions on the nomenclature of 
electrical and mechanical units, 577. 

Sudborough (J. J.), action of nitrosyl 
chloride on unsaturated carbon com- 
pounds, 612. 

Surface-tension, the, of ether and alcohol 
at different temperatures, by Prof. W. 
Ramsay, 565. 

Survival of domestic industries, the, by 
Prof. Gonner, 740. 

Swainson (G.), new form of appendicu- 
larian ‘ haus,’ 701. 

Swinburne (J.) on the measurement of 
liquid resistances, 565 ; the causes of 
variation of Clark standard cells, 576. 

Sylvester (Prof.) on carrying on the 
tables connected with the Pellian equa- 
tion from the point where the work 
was left by Degen in 1817, 160. 
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Symons (G. J.) on the work of the Cor- 
responding Societies Committee, 41 ; 
on the application of photography to 
the elucidation of meteorological phe- 
nomena, 1:10 ; on the best methods of 
recording the direct intensity of solar 
radiation, 160; on the circulation of 
underground waters, 300 ; on the ad- 
visability and possibility of establish- 
ing observations upon the prevalence 
of earth tremors, 333. 

Symons (VV.), a simple apparatus for 
storing dry gases, GOO. 

’•‘Systematic observation, Le Play’s 
method of, by F. Auburtin, 747. 

♦Systematic position of certain organisms 
that are regarded by some naturalists 
as animals, and by others as plants, 
discussion on the, G82. 


Tables of certain mathematical functions, 
second report of the Committee to 
calculate, and, if necessary, to take 
steps to carryout the calculalions and 
publish the results in an accessible 
form, 120. 

Tadpoles of the common frog {Rana 
fempornria^, exporimontson rcNpiration 
in, by Prof. W N. Parker, GO 4. 

Tangential transformations, some, includ- 
ing Laguerre’s semi-droit os reciproques, 
by Prof. R. W. (Icnese, 671. 

Tanner (Col. II.), bar-subtense survey, 
718; *pliysicnl aspects of tlio lliina- 
layas, and notes on the inhabitants, 
722. 

Taxation of inventors, the, by Dr. li. 
Edmunds, 743. 

Taylor (H.) on standards for use in elec- 
trical measurements, 152. 

Tcall (J. J. II.) on the volcanic pheno- 
mena of Vesuvius and its neighbour- 
hood, 312. 

Telephone, the London-Paris, by W. H. 
Preece, 767. 

Telephoning of great cities, the, A. R. 
Bennett on, 7G0. 

Temple (Sir R.) on the teaching of 
science in elementary schools, 383. 

Tenerife, the ancient language of the 
natives of, the Marquess of Bute on, 
799. 

Thermodynamics, report on the present 
state of our knowledge of, specially 
with regard to the second law, 86 ; 
researches relating to the connection 
of the second law with dynamical 
principles, by G. H. Bryan, ib. 

Thiselton-Dycr (Mr.) on the present 
state of our knowledge of the zoology 
and botany of the West India Islands, 
and on the steps taken to investigate 


ascertained deficiencies in the fauna 
and flora, .361; on the steps taken for 
establishing a botanical laboratory at 
Poradeniya, Ccjdon, 358. 

Thompson (B.) on the very fossil if erous 
transition bed between the middle and 
upper has in Northamptonshire, 334, 
Thompson (Prof. C. M.) on didymium 
from different sources, Oil. 

Thompson (Prof. S. P.) on electrolysis in 
its physical and chemical bearings, 
122 ; on the teachingof science in ele- 
mentary schools, 383; on the measure • 
ment ot louses, 680 ; *011 a new polar- 
iser, ib. 

♦Thomson (J.), photography applied to 
exploration, 719. 

Thomson (Prof. J. J ) on electrolysis 
its physical and chemical bearings, 

1 22 ; on standards for use in electrical 
measurements, 162. 

Thomson (J. M.) on electrolysis in its 
phy.sical and chemical bearings, 122 . 
Thomson (Prof. Sir W.) on electrolysis in 
its physical and chemical bcnrmgs, 122 ; 
on the earthquake and volcanic pheno- 
mena of Japan, 123; on calculating 
tables of certain mathematical func- 
tions, 129 ; on researches on elcctro- 
optics, 147 ; on the best means of 
comparing and reducing magnetic ob- 
servations, 149 ; on standards for use 
in electrical measurements, 162 ; ♦on 
periodic motion of a finite conservative 
system, 06 G. 

Thorp (W ) on the propagation of electro- 
magnetic waves in wires, 602. 

Thorpe (krof.) on th(^ action of light 
upon dyed colours, 263. 

Tiddeman (R. H ) on the erratic blocks 
of England, Wales, and Ireland, 276 ; 
on the collection, preservation, and 
systematic registration of photographs 
of geological interest in the United 
Kingdom, 321 ; on the cave at Elbol- 
ton, 361. 

Tildon (Prof.) on electrolysis in its 
physical and chemical bearings, 122 ; 
on isomeric naphthalene derivatives, 
265 ; on the bibliography of solution, 
273 ; on the properties of solutions, ib . ; 
on the best metho<l of establishing an 
international standard for the analysis 
of iron and steel, ib. 

Timmis (I. A ) the lighting of railway 
trains electrically, 773. 

Tomlinson (H.) on standards for use in 
electrical measurements, 152. 

Topley (W.) on tlie work of the Corre- 
sponding Societies Committee, 41 ; 
on the circulation of underground 
waters, 300 ; on the investigation of 
the action of waves and currents on 
the beds and foreshores of estuaries 
3 II .2 
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by means of working models, 386 ; the 
geology of petroleum and natural gas, 
637. 

♦Topographical society in Cardiff, the 
proposed formation of a, E. G. Itaven- 
stein on, 722. 

Tower (B.), a steady platform for guns, 
&c., at sea, 763. 

♦Tow-net, a, exhibition of a new appa- 
ratus for opening and closing by 
electricity, by W. E. Hoyle and L. F. 
Massey, 693. 

, a deep-sea, for opening and closing 

underwater, report of the Committee 
for improving and experimenting with, 
382. 

Transformation of a differential resolvent, 
Rev. R. Harley on the, 566. 

Transformations used in connection with 
the duality of differential equations, 
B. B. Elliott on the, 508. 

Transmission of power by compressed 
air, the compound principle in the, 
Prof. A. C. Elliott on, 765. 

♦Trees and prairies, by M. ChrLsty, 71. > 

Trimen (Dr ) on the steps taken for 
establishing a botanical laboratory at 
Peradeniya, Ceylon, ll.'S. 

♦Tristram (Canon), exhibition of a very 
.small parrot from the Solomon Islands, 
702. 

Trouton (F. T ) on the various phenomena 
connected with the rccaloscent points 
in iron and other metals, 117 ; ♦magnetic 
experiments made in connection with 
the determination of the rate of pro- 
pagation of magnetisation in iron, 581. 

♦Tuning-forks maintained in vibration 
electrically, the periodic time of, Prof. 
J. V. Jones and T. Harrison on, 681. 

Tupper (C. L.), the recent progress of 
agriculture in India, 532. 

Turner (T.), on the best method of estab- 
lishing an international standard for 
the analysis of iron and steel, 273 ; on 
the cause of imperfections in the sur- 
face of rolled copper alloys, 607. 

Tyldcn-Wright (Mr.) on the circulation 
of underground waters, 300, 

Tylor (Dr. E. B.) on editing a new edition 
of ‘ Anthropological Notes and Queries,’ 
401 ; on the North- western tribes of the 
Dominion of Canada, 407 ; on the limits 
of savage religion, 800. 

Tylor (L.), State provision against sick- 
ness and old age, and the German in- 
validity and superannuation law, 739. 

Type specimens of British fossils, the 
registration of all the, second report 
on, 299. 


Ultra-violet rays of the solar spectrum, 
report on researches on the, 147. 


Ultra-violet spectrum of the solar pro- 
minences, the, by Prof. G. E. Hale, 
557. 

Underground waters in the permeable 
formations of England and Wales, the 
circulation of, and the quantity and 
character of the water supplied to 
various towns and districts from these 
formations, seventeenth report on, 300. 

Units, electrical and mechanical, some 
revolutionary suggestions on the 
nomenclature of, by Prof. W. Stroud, 
577. 

♦Units and their nomenclature, discussion 
on, 577. 

Units of measurement, absolute, by 
W. Moon, 680. 

Unwin (Prof. W. C.) on the investigation 
of the action of waves and currents on 
the beds and foreshores of estuaries by 
means of working models, 386. 

Upbringing of destitute and pauper 
children, Rev. J. O. Bevan on the, 746. 

Usk, the river, and the harbour of New- 
port, bv L. F. Vernon Ilarcourt, 757. 

Us.sher (W. A. E ), vulcanicity in lower 
Devonian rocks : the Prawle problem, 
642. 


* I'y some experiments on a new method 
for the determination of, by A. G. 
Webster, 580. 

♦Vascular system of vertebrates, some 
simple models illustrating the, Prof. 
AV. N. Parker on, 679 

Voctian, or lower greensand, note on an 
undcscribod an;a of, in Dorsetshire, by 
A. J. Jukes-Brownc, 035. 
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bacteria, G81 ; on the nuclei of the 
hymenomycetes, 700. 

Walford (E. A.) on the very fossilifcrous 
transition bed between the middle and 
upper lias in Northamptonshire, 334. 

Ward (Prof. M.) on the step.s taken for 
establishing a botanical laboratory at 
Peradeniya, Ceylon 358 ; on a simple 
apparatus lor the cultivation of small 
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various gases, under tlie microscope, 
678. 

Watts (Dr. M.) on the preparation of a 
new series of wave-length tables of 
the spectra of the elements and com- 
pounds, 101. 
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of working models, 386. 

Webb (8.), the alleged differences in the 
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new meihod for the determination ot 
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Welsh customs, devices, and commerce, 
ancient, on comparison of, with those 
of contemporary nations, by Dr. Phene, 
807. 

West India Islands, fourth report on the 
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deficiencies in the fauna and flora, 354. 

Wethered (B.) on the circulation of un- 
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Wheeler (W. H.) on the investigation of 
the action of waves and currents on the 
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means of working models, 386. 


Wliidbornc (Rev. G. F.) on the registra- 
tion of all the type specimens of British 
fossils, 299. 

VVhipiile (G. M.) on the best means of 
comparing and reducing magnetic ob- 
servations, 149 ; on the best methods of 
recording the direct intensity of solar 
radiation, 160. 

Whitaker (W.) on the work of the Cor- 
rcsjionding Societies Committee, 41 ; 
on the circulation of underground 
waters, 300. 

White (A. S.) on the comparative value 
of African lands, 715. 

Williams (E. L.) on the investigation of 
the action of waves and currents on 
the beds and foreshores of estuaries by 
means of working models, 386. 

Williamson (Prof. A. W.) on the work 
of the Corresjionding ISocjetics Com- 
mittee, 41. 

Wilkinson ( J. J.) on the cave at Elbolton, 
351. 

Wills (A. W.) on the di.sappearance of 
native plants from their local habitats, 
359. 

Wilson (Sir D ) on the North-western 
tribes of the Dominion of Canada, 
407. 

Wilson (K) on the very fossiliferous 
transition bed between the middle 
and upper has in Northamptonshire, 
334. 

Wilson (W. E ) on the absorption of heat 
in the solar atmosphere, 557. 

Woodward (A. S ) on the registration of 
all the type specimens of British fos- 
.sils, 299 ; remaiks on the lower 
tertiary fish fauna of Sardinia, 634; 
evidence of the occurrence of ptero- 
saurian and jilesiosaurian rejitiles in 
the cretaceous strata of Biazil, 635. 

Woodward (Dr. H.) on the earthquake 
and volcanic phenomena of Japan, 
123 ; on the registration of all the 
type specimens ot Biitish fossils, 299 ; 
on the very^ fossiliferous transition bed 
between the middle and upper lias in. 
Northamptonshire, 334. 

Woodward (H. B.) on the collection, pre- 
servation, and systematic registration 
of photographs of geological interest 
in the United Kingdom, 321 ; on the 
very fossiliferous transition bod be- 
tween the middle and upper has in 
Northamptonshire, 334. 

Worship of meteorites, the. Prof. H. A. 
Newton on, 805. 

Wright (Prof. G. F.), recent discoveries 
concerning the relation of the glacial 
period in North America to the anti- 
quity of man, 647 ; the lava beds of 
California a rid Idaho, and their relation 
to the antiquity of man, 651, 
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sewerage, the, by G. Chatterton, 757. 
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E. Melly, 366; by Mr. E. J. Blcs, 
372. 
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' Islands, fourth report on the present 
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Zoology of the Sandwich Islands, draft 
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REPORT OF THE FIFTY-EIGHTH MEETmG, at Bath, September 

1888, Fuhlished at £1 4s. 

Contents: — Tliird Report of the Committee for promoting Tidal Observations in 
Canada; — Report of the Committee for eonsidermg the dosinability of introducing 
a Uniform Nomenclature for the Fundaimuital Units of Mi'chanics, and of co- 
operating with other bodies engaged in similar work ; — Fourth Report on the best 
moans of Comparing and Reducing Magnetic Obseivations ; — Fourth Report on 
Standards of Light; — Report of the Committee for co-operating with the Scottish 
Meteorological Society in making Meteorological Observations on Ben Nevis ; — 
Second Report on the Bibliography of Solution ; —Report of the Committee for 
constructing and issuing Practical Standards for use in Electrical i\Ieasnrcments ; — 
Second Report on the Inflnenco of Silicon on the properties of Steel ; — Third Report 
of the Committee for inviting <lesigns for a good Diffeiential Gravity Meter in super- 
session of the pendulum; — Report on tlic piescnt methods of teaching Chemistry; — 
Report on the action of Light on the Ilydracids of Halogens in presence of Oxygen; — 
Second Report on the Nature of Solution ; — Report of the Committee for making 
arrangements for assisting the Marine Biological Association Laboratory at Plymouth ; 
— Third Report on Isomeric Naphthalene D'^rivatives ; — Third Report on the Pre- 
historic Race in the Greek Islands ; — Report on the effects of different occupations and 
employments on the Physical Development of the Human Body ; — Sixteenth Report 
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on the Erratic Blocks of England, Wales, and Ireland; — Reiwrt of the Committee 
for preparing a further Report upon the Trovincial Museums of the United Kingdom ; 
— Second Report on the * Manure’ Gravels of Wexford Report of the Committee 
for continuing the liesearches on Food-Fishes at the St. Andrews Marino Laboratory ; 
— Fourteenth Report on the Circulation of Underground Waters in the Permeable 
Formations of England and Wales, and the Quantity and Character of the Water 
supplied to various Towns and Districts from these Formations ; — Rejiort on the 
Migration of Birds; — Report on the Flora of the Carboniferous Rocks of Lancashire 
and West Yorkshire ;— Report on the Occupation of a Table at the Zoological Station 
at Najjles ; — Report on the teaching of Science in Elementary Schools ; — Sixth Reiiort 
on the Fossil Pliyllopoda of the Palicozoic Rocks ; — Second Report on the best method 
of ascertaining and measuring Variations in the Value of the Monetary Standard ; — 
Report, as to the Statistical Data available for determining the amount of the Precious 
Metals in use as Money in tlie princijial Countries, the chief forms in which the 
Money is employed, and the amount annually used in the Arts; — Fourth Report on 
the North-Western Tiibcsof the Dominion of Canada; — Report of the Corre.sponding 
Societies Committee ; — Second Report, on the Prehistoric Inhabitants of the British 
Islands ; — Third Report of the Committee for dnuving attention to the desirability 
of prosecuting further research in the Antarctic Regions; — Report of the Committee 
for aiding in the maintenance of the establishment of a Marine Biological Station at 
Granton, Scotland: — Report on the Volcanic Phenomena of Vesuvius and its neigh- 
bourhood; — Report of the Committee to arrange an investigation of the Seasonal 
Variations of Temxocrature in Lakes, Ri\ ers, and Estuaries in various jiarts of the 
United Kingdom, in co-oi3eration \vith the local .societies represented on the Associa- 
tion ; — Report on an ancient Sea-beach near Bridlington Quay ; — Report on the 
Development of the Oviduct and connected stiiictures in certain Iresh-water 
Teleostei ; — Third Report on Electrolysis in its Physical and Chemical Bearings ; — 
Report on the Flora of the Baliamas ; — Second Report on tlie Physiology of tho 
Lymphatic System; — Report on the Ai icroscopic Structure of the Older Rocks of 
Anglesey; — Report on our present knowledge of the Floiaof China ; — Second Report 
of the Committee for taking steps for the establishment of a Botanical Station at 
Peradeniya, Ceylon; — Eiglith Report, on the Earthquake and Volcanic Phenomena of 
Japan ; — Report on the prchcnt state of our knowledge of the Zoology and Botany of 
the West India Islands, and the ste])s taken to investigate ascertained deficiencies 
in the Fauna and Flora; -Second Riqioit on our Experiinontal Knowledge of tho 
Properties of Alatter with respect to Volume, Pre.ssure, Temjicrature, and Specific 
Heat; — Report on the advi-abilitv and po.ssibility of establishing in other parts of 
the country observations u])on the pn'valeiiee of Eailh Tiernors similar to those now 
being made m Durham; — Tlic Relations between Sliding Scales and Economic 
Theory; — Index-numbers as illustrating the Progrc'ssive Expoits of British Pioduce 
and Manufactures; — The Friction oi Metal Coils; — Sur I’apiilicatiou do I’analyhO 
spcctrale a la mecanique moleculaire et sur les spccties de rox\geno;— A List of 
Works referring to British Mincial and Thermal Waters ;- Report on the Rate of 
Erosion of the Sea-coasts of England and Wales, and the Influence of the Artificial 
Abstraction of Shingle or other material in that Action. 

Together with the Transactions of the Sections, Sir F. J. Bramwcll’s Address, and 
Resolutions of the General Committee of the As.sociation. 


KEPORT OF THE EIFTY-NINTH MEETING, at Newcastle-npon- 
Tyne, September 1889, Published at £1 4«. 

Contents : — Fifth Report of the Committee for promoting Tidal Observations in 
Canada; — Report on the Molecular Phenomena connected with the Magnetisation 
of Iron ; — Report on the Collection and Identification of Meteoric Dust ; — Eighteenth 
Report on Underground Temperature ; — Fifth Report on the best methods of record- 
ing the direct Intensity of Solar Radiation; — Rcpoit of the Committee for con- 
structing and issuing Practical Standards for use in Electrical Measurements ; — 
Second Report of the Committee to arrange an investigation of tho Seasonal Varia- 
tions of Temperature in Lakes, Rivers, and E.stuaries in various parts of the United 
Kingdom, in co-operation with the local Societies represented on the Association ; — 
Report on the proposals of M. Tondini dc Quarengbi relative to the Unification 
of Time, and the adoption of a Universal Prime Meridian ; — Fifth Report on, 
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the best means of Comparing and Reducing Magnetic Observations Report 
on the best method of establishing International Standards for the Analysis of 
Iron and Steel; — Third Report on the Investigation of the Properties of Solutions; 
— Third Report on the Bibliography of Solution ; — Report (Provisional) on the 
Influence of the Silent Discharge of Electricity on Oxygen and other Gases Report 
of the Committee appointed to confer with the Committee of the American Associa- 
tion for the Advancement of Science with a view of forming a Uniform System of 
recording the results of Water Analysis ; — Report on the Action of Light on the 
Hydracids of the Halogens in presence of Oxygen ; — Seventh Report on the Fossil 
Phyllopoda of the Palaeozoic Rocks; — Report on the Flora of the Carboniferous 
Rocks of Lancasliire and West Yorkshire Report on an Ancient Sea-beach near 
Bridlington Quay ; — Fifteenth Report on the Circulation of Underground Waters in 
the Permeable Formations of England and Wales, and the Quantity and Character 
of the Water supplied to various Towns and Districts from these Formations; — 
Report on the Higher Eocene Beds of the Isle of Wight ; — Third Report on the 
■* Manure ’ Gravels of Wexford ; — Second Report on the present state of our Know- 
ledge of the Zoology and Botany of the West India Islands, and the steps taken to 
investigate ascertained deficiencies in the Fauna and Flora ; — Second Report on the 
development of the Oviduct and connected structures in certain freshwater Teleostei ; 
— Report on the Occupation of a Table at the Zoological Station at Naples ; — Report 
of the Committee for improving and experimenting with a Deep-sea Tow-net, for 
opening and closing under water ;—Tliird Report on our present Knowledge of tho 
Flora of China ;— Report on the steps taken for the investigation of the Natural 
History of the Friendly Islands, or other groups in tlie Pacific, visited by H.M.S. 
^Egeria*; — Report of the Committee for making a digest of the Observations on 
Die Migration of Birds; — Report of tho Committee for taking steps for the establish- 
ment oif a Botanical Station at Peradeniya, Ceylon ; — Seventeenth Report on the 
Erratic Blocks of England, Wales, and Ireland Third Report on the Physiology of 
the Lymphatic System Report on the Teaching of Science in Elementary Schools ; — 
Third Report on the best methods of ascertaining and measuring Variations in the 
Value of the Monetary Standard Report as to the Statistical Data available for 
determining the amount of tho Precious Metals in use as Money in the principal 
Countries, the chief forms in which the Money is employed, and the amount annually 
used in the Arts Report on the Geography and Geology of the Atlas Ranges in 
the Empire of Morocco ;— Fourth Report on Isomeric Naphthalene Derivatives; — 
Report on tho Habits and Customs and Physical Characteristics of the Nomad Tribes 
of Asia Minor, and on the excavation of Sites of ancient occupation Report on 
the effects of different Occupations and Employments on the Physical Development 
of the Human Body; — Report of the (Committee for editing a new Edition of 
^Anthropological Notes and Queries Report of the Coriesponding Societies Com- 
mittee ; — Fourth Report on Electrolysis in its Physical and Chemical Bearings ; — 
Report on the Absorption Spectra of Pure Compounds; — Second Report on the 
present methods of teaching Chemistry; — Third Report on the Intiuence of Silicon 
on the properties of Steel; — Report on the Volcanic Phenomena of Vesuvius and 
its neighbourhood ; — Ninth Ropoit on the Earthquake and Volcanic Phenomena of 
Japan ; — Report of the Committee for co-operating with the Scottish Meteorological 
Society in making Meteorological Observations on Ben Nevis ; — Third Report on the 
Prehistoric Inhabitants of the British Islands ; — Report on the Development of 
.■Graphic Methods in IMechanical Science Report on the investigation of the Action 
of Waves and Currents on the Beds and Foreshores of Estuaries by means of Work- 
ing Models ; — Report of the Committee for continuing the Bibliography of Spectro- 
scopy ; — Report of the Committee for calculating the Anthropological Measurements 
taken at Bath ; — Second Report on the Disappearance of Native Plants from their 
Local Habitats ; — The Incidence and Effects of Import and Export Duties ; — Experi- 
ments upon the Transmission of Power by Compressed Air in Paris (Popp’s System) ; 
— The Comtist Criticism of Economic Science ; — On the Advi.sability of assigning 
Marks for Bodily Efficiency in the Examination of Candidates for the Public 
Services ; — On tlie Principle and Methods of assigning Marks for Bodily Efficiency ; — ■ 
Experiments at Eton College on the Degree of Concordance between different 
Examiners in assigning Marks for Physical Qualitications ; — Fifth Report on the 
North-Western Tribes of the Dominion of Canada. 

Together with the Transactions of the Sections, Professor W. H. Flower’s Address^ 
and Resolutions of the General Committee of the Association. 
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REPORT OF THE SIXTIETH MEETING, at Leeds, August 1890, 
JPuhlished at £1 4^. 

Contents • — Report of the Corresponding Societies Committee ; —Third Report 
of the Committee to arrange an Investigation of the Seasonal Variations of 7'cmpera- 
ture in Ijakes, Rivers, and Estuaries in various parts of the United Kingdom, in co- 
operation witti the Local Societies represented on the Association ; —Report of the 
Committee for constructing and issuing Piactical Standards for use in Electrical 
Measurements ; — Fifth Report on Electrolysis in its Physical and Chemical Bearings ; 
— Sixth Report on the best methods of recording the direct Intensity of Solar Radia- 
tion Report of the Committee for co-operating witli T)r. Kerr in his Researches on 
Electro-optics ; — Report on Molecular Phenomena associated with the Magnetisation 
of Iron ; — Tenth Report on the Earthquake and Volcanii; Phenomena of Japan ; — 
Sixth Report on the best means of eomparing and reducing Magnetic Observations ; 
— Report of the Committee for co-operating with the Scottihh Meteorological Society 
in making Meteorological Observations on Ren Nevis ; — Sixth Report of the Com- 
mittee for promoting Tidal Observations in Canada Report on the present state of 
our Knowledge in Electrolysis and Electro-chemistry ; — Report on the Preparation of 
a new series of Wave-length Tables of the Spectra of the Elements and Compounds ; 
— Report on the Bibliography of Spectroscopy; — Fourth Report on the Inlluence of 
Silicon on the Properties of Iron and Steel Second Report on the best method of 
establishing an International Standard for the Analysis of Iron and Steel Report 
on the Action of Light on the Hydra cids of the Halogens in presence of Oxygen ; — 
Third Report on the present i\[(‘thods of Teaching Chemistry; — Fourth Report on 
the Properties of Solutions Fourth Report on the Bibliography of Solution; — 
Discussion on the Theory of Solution ; — Provisional Report on the Influence of the 
Silent Dischaige of Electricity on Oxygen and other Gases ; — Report on the Absorp- 
tion Spectra of Pure Compounds ; — Report on the best methods for the Registration 
of all Type Specimens of Fossils in the British Isles ; — Eighteenth Report on the 
Erratic Blocks of England, Wales, and Ii eland ; — Sixteenth Report on the Circulation 
of Underground Waters in the Permeable Formations of England and Wales, and 
the Quantity and Character of the Water supplied to various Towns and Districts 
from these Formations; — Final Report on an Ancient Sea-beach near Bridlington 
Quay ; —Report on t lie Cretaceous Polyzoa; — Report on the Volcanic Phenomena of 
Vesuvius and its neighbourliood ; — Fourth and final Report on tlie ‘ Manure ’ Gravels 
of Wexford;- Eighth Report on the Fossil Phyllopoda of the Pnkcozoic Rocks ; — 
Report on the collection, preservation, and systematic registration of Photographs of 
Geological Interest in the United Kingdom ; — Report on the occujiation of a Table 
at the Laboratory of the Marine Biological Association at Plymouth ;— Third Report 
on the present state of our Knowledge of the Zoology and Botany of the West India 
Islands, and on the steps taken to investigate ascertained deficiencies in the Fauna 
and Flora ; -Report on the occupation of a Table at the Zoological Station at Naples j 
— Report of the Committee for making a Digest of the Observations on the Migration 
of Birds;— Third Report on the Disappearance of Native Plants from their Local 
Habitats ; — Fourth Report of the Committee for taking steps for tlie establishment 
of a Botanical Station at Peradeniya, Ceylon ; — Report of the Committee for im- 
proving and experimenting with a Deep-sea Tow-net for opening and closing under 
water ; — The probable Effects on Wages of a general Reduction in the Hours of 
Labour ; — Fourth Report on the best methods of ascertaining and measuring Varia- 
tions in the Value of the Monetary Standard ; — Report on the teaching of Science in 
Elementary Schools ; — Fourth Report as to the Sbitistical Data available for deter- 
mining the amount of the Precious Metals in use as Money in the principal Countries, 
the chief Forms in which the Money is employed, and the Amount annually used in 
the Arts; — On some new Telemeters or Range-finders; — Second Report on the 
Investigation of the Action of Waves and Currents on the Beds and Foreshores of 
Estuaries by means of Working Models; — Report on the Geography and the Habits, 
Customs, and Physical Characters of tlie Nomad Tribes of Asia liliiior and Northern 
Persia, and on the excavation of Sites of Ancient Occupation ; — Report on the 
Habits, Customs, Physical Characters, and Religions of the Natives of India ; — Report 
of the Committee for editing a new Edition of ‘ Anthropological Notes and Queries ’ ; 
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— ^Fourth Report on the Prehistoric Inhabitants of the British Islands ; — Report on 
the Calculation of the Anthropological Measurements taken at Newcastle; — Sixth 
Report on the North-Western Tribes of the Dominion of Canada. 

Together with the Transactions of the Sections, Sir F. A. Abel’s Address, and 
Resolutions of the General Committee of the Association. 
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EX-OFFICIO MEMBERS OF THE COUNCIL, 

The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents .anti 
Vi(«-Prpsidents Elect, the General and Assistant Genenal Secretanea for the present ajad former years, 
the Secretary, the General Treasurers for the present aud foimer years, and the Local Treasurer and 
Secrotaiies for the ensuing Meeting. 

TRUSTEES (PERMANENT). 

The Right Hou. Sir John Lubbock, Bart , M.P , 1) G.L . LL.D , F.R.S., F.L.S. 

Tlie Right Hon L<utu Kayljuoh, M.A , D.C.L , LL 1)., beo.R.S,, F.B.A S. 

The Right Hon. Sir Lvox Playkaih, K.C.B,, M P., Ph.D., LL.D., F.R.S. 


PRESIDENTS OF FORMER YEARS. 


The Duke of Argyll, K.G., K T. 
Sir Richard Owen, K.G B., F.R.S. 
Lord Armstrong, 0 B., LL D. 

Sir William R Grove, F.R S. 

Rir Joseph 1). Hooker, K.C.S T. 
Sir O. G. Stokes, Bart., F.R.S. 
Prof. Huxley, LL.D., F.R.S. 


Pi of. Sir Wm Thomson, Pres R.S. 
Prof. Williamson, Ph.D., F.R S. 
Prof. Tyndall, D.C.L., F.R.S. 

Prof. Allman, M.D., F.R.S. 

Sir John Lubbock, Bart .F.R.S. 
Prof. Cavley, LL D., F.R.S. 

Lord Rayleigh, D.C.L., Sec.R.S. 


Sir Lyon Playfair, K C.B. 

Sir Win. D.iwaoii, C.M.G., F.R.S. 
Sir H. E. Roscoe, D.G.L., F.R.S. 
Sir F. J. Brain well, Bart., F.R S. 
Prof. W. H. Flower, C B . F.R.S. 
Sir Frederick Abel, K.C.B., F.R.S. 


GENERAL OFFICERS OF FORMER YEARS. 

P. Galton, E'lq., F 11 S. I 0. Griffith, Esq., M.A., F.C.S. I Prof. Bonney, D.So., F R S. 

Dr, T. A. Hirst, F.R.S. P. L. Sclater, Esq.. Ph.D., F.R.S. Pref. Williamson, Ph.D., F.R.S. 

prof. Michael Foster, Scc.R S. j 

AUDITORS. 

Prof. H. M‘Leod, F.R.S. 

A 2 


Dr. Gladstone, F.R.S. 


1 J. B. Martin, Esq., M.A., F.S.S. 
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BRITISH ASSOCIATION FOR THE ADVANCEMENT 
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indicates Life I^Iembers entitled to the Annual Report. 

§ indiccites Annual Subscribers entitled to -the Annual Report, 

+ indicates Subscribers not entitled to the Annual Rej)orl. 

Names without any maik before them are Life Members not entitled 
to the Annual Report. 

Names of IMemliers of the General Committee are printed in 

SMALL CAPITALS. 

Names of INlembers whose addresses are incomplete or not known 
are in italics. 


Notice of changes of residence should he sent to the Ass'istaJit 
General Secretary . 


Year of 

Elortion. 

1887. *Abbe, Professor Cleveland. Weather Bureau, Department of Agri- 
culture, Washinoton, IJ.SA. 

1881. ♦Abbott, R. T, G. Wliitley Holuse, Malton. 

1887. I Abbott, T. O. Eastleigh, Queen’s-road, Bowdon, Cheshire, 

♦Abel, Sir Frederick Augustus, K.O.B., D.C.L., U.Sc., F.R.S., 
V.P.C.S., President of the Government Committee on Explosives. 
Tlie Imperial Institute, Imperial Institute-road, London, S. VV. 

1856. XAhercronihie^ John^ M.D, 39 IVelbech-street, London^ JF. 

1886. |Abercromby, The Hon. Ralph, F.R.Mot.Soc 21 Chapel-street, 
BelgruA e-square, London, S.W. 

1891. §Abert)ARE, The Right Hon. Lord, G.C.B., F.R.S., F.R.G.S. Duf- 
fryn, Mountain Ash, South Wales. 

1885. ♦Aberdeen, The Right lion, the Earl of, LL.D. 37 Grosvenor- 
square, London, W. 

1885. I Aberdeen, The Countess of. 37 Grosvenor-squaro, London, W. 

1885. lAberiiethy, David W. Ferryhill Cottage, Aberdeen. 

1863. ♦Abernethy, James, M.Inst.C.E., F.R.S.E. 4 Delahay-street, West- 
minster, S.W. 

1885. t Abernethy, James W. 2 Rubislaw-place, Aberdeen. 



Lisr OF MEMBERS. 


Year of 
Election. 

1873. *Abnf.y, Captain W. be W., R.E., C.B., D.C.L., F.R.S., F.R.A.S., 

. F.C.S. Willeslie House, Wetlierby-road, South Kensington, 

London, S.W. 

188(5. t Abraham, Harry. 147 II igfh -.street, Southampton. 

1877. tAce, Rev. Daniel, D.D., F.R.A.S. I^nghton, near Gahisborotigh, 
Lincolnshire. 

1884. tAche.son, George. Collegiate In.stitute, Toronto, Canada, 

1873. :|f Aekrovd, SamueL Greaves-.street, Little Ilovton, Bradford, York- 
sliire. 

1882. *Acland, Alfred D\ke. 38 Pont-sfreet, Chelsea, London, S.W. 

18()0. lAcland, Charles T. D., M.P. Sprydoncote. Kxeter. 

1877. •Acland, ( 'aptain Francis F. D^’ke, 11. A. 22 Ches ne-gardens, Chelsea, 
London, S.W. 

1873/ ’•Aeland, Kev^ II. D., IM.A. Lucoombe Rectory, Taunton. 

1873. *Aclaxt), Sir Htlnry W. D., Bart., K.(fB., ISF.A., IVF.D., LL.D., 
F.H.S., F.R.G.S., Radclitle Librarian and Regius ITofessor of 
Medicine in the Uni\ersity of Oxford. Broad-street, Oxfud. 
1877. *Aeland, Theodoie Dyke, M.A. 74 Brook-street. London, W. 

18C)0. Thomas Dyke, Bart., IM.A., D.O.L. Sprydoncote, 

Fxeter ; and Atheiuenm Club, Tjondon, S.W, 

1887. tAnvMi, .1. G., B.A. New Museums, Cambridg-e. 

1884. lAdams, Frank Donovan. Geological Survey, Ottawa, Canada. 

1876. i;Adams, .lames. 1) R()^ al-(‘re.scent AVest, Glasg'ow. 

•Abam.s, J oTTN Corcn,M.A.,LL.D., D.Sc., F.R.S., F.R.A.S., Director 
of tlie Observatory and Lowndean Jh'ofessor of Astronomy and 
Geometry in the University of Cambiklge. The Observatory, 
Cambridge. 

1871. §Adams, John R, 2 Nutlev-terrace, ITampstend, London, N.W. 
1870. *At)AMs, Rev, Thomas, ]\r.A., D.C.L, Ih-incipal of Bishop’'s College, 
Lennoxville, Canada. 

1877. JAbam.s, William. 3 Sus.^^ox-terrace, Plymouth. 

18G0. *Abam.s, William Gkylls,M.A., D.Sc., F.R S., F.G.S.,F.C.P.S., Pro- 
fessor of Natural Philosophy and Astronomy iu King’s College, 
London. 43 Notling Ilill-.square, I/ondon, W. 

1870. tAdam.«on, Robert, M.A., IR/.l) , I'rofessor of I/Ogic and Political 

Fconomy in Owens College, iManchester. 1 Derbj'^-road , 
Fallowtield, Manchester. 

1800. lAddyraan, James Wilson, R.A. Belmont, Starljeck, Harrogate, 

1800. §Ai)E.vEr, W. E., F.(kS. Royal Uni\ersity of Ireland, Farlsford- 

t('rrace, Dublin. 

]86o. *Adkins, Henry. Northfiekl, near Birmingham. 

188,3. lAdshead, Samuel. Scliool of Science, IMaccIesfield. 

1884. fAgneW, Cornelius R. 266 MaddLnn-averiue, New York, U.S.A, 
1887. JAj^^iew, William. Summer Hill, Pendleton, Manchester. 

1884. tAildns, Dr. W. T. Jarvis-street, Toronto, Canada. 

1864. *Airisworth, David. The Flosh, Cleator, Carnforth. 

1871. * Ainsworth, John Stirling. Ilarecroft, ( kimberland. 

1871. t Ainsworth, William M. The Flosh, (lleator, Carnforth. 

1801. *Aisbitt, M. W. Mountstuart-square, Carditf. 

1871. §Aitken, John, F.K.S., F.R.S.E. Darroch, Falkirk, N.B. 

Akroyd, Edward. Bankfield, Halifax. 

1884. •Alabaster, H. 22 I^aterno.ster-row, London, E.C. 

1886. •Albright, G. S. The Elms, Edgbaston, Birmingham. 

1862. tALCocK, Sir Rittiiereobb, K.C.B., D O.L., F.R.G.S. The Athe- 
naeum Club, Pall Mall, London, S.W. 

1861. *Alcock, Thomas, M.D. Oakfield, Sale, Manchester. 

•Aldam, William. Frickley Hall, near Doncaster. 
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1887, X Alexander y B. Fern lea, Fallowjield, Manchester. 

1891. § Alexander, 1), T. Dynas Powis, OardifF. 

1883. t ^Vlexander, George. Kildare-street Club, Dublin. 

1888. *Alexander, Patrick Y. 39 St. James’s-sqiiare, Path. 

1873. I Alexander, Reginald, IM.l). 13 Hall field-road, Bradford, Y'orksbire. 
1858. :{Alexander, William, M.D. Halifax. 

1891. ^Alford, Charles J., F.G.S., Boscombe, Hants. 

1883. J Alger, INIiss Ethel. The Manor House, Stoke Damerel, South Devon. 
1883. t Alger, W. H. The Manor House, Stoke Damerel, South Devon. 

1883. i Alger, Mrs. W. II. The Manor House, Stoke Damerel, South 

Devon. 

1807. t Alison, George L. 0. Dundee. 

1885. {Allan, David. Wcist Cult-, near Aberdeen. 

1871. {Allan, G., M.Inst.C.K. 10 Austin Friars, London, E.C. 

1871. t Allen, Alfred II., F.C.S. 07 Surrey-street, ShelHeld. 

1887. ^xVlIen, Arthur Ackland. Overbrook, Kersal, Manchester. 

1879. *Allen, Rev. A. J. C. Cava House, Barton-road, Cambridge. 

1887. *Allen, Charles Peter. Overbrook, Kersal, Manchester. 

1888. t Allen, F. J Mason College, Birmingham. 

1884. {Allen, Rev. George. Shaw Yic.arage, Oldham. 

1891. ^Allen, Ileniy A., F.G.S. Geological Museum, Jermyn-street, 
London, S.W. 

1887. § Allen, John. Kilgrimol School, St. Anne’s-on-lhe-Sea, via Pre^-ton. 
1878. I A lien, .John Romilly. 5 Albert-terrace, Regent’s Park, London, 

N.W. 

18()1. t Allen, Richard. Didsbury, near Manchester. 

1887. *Allen, Russell, 2 Parkwood, Victoria Park, Manchester. 

1891. §Allen, W. II. 24 Glenroy-strcet, Roat li, ( hirdifo. 

1889. tAllluisen, Alfred. Low Fell, Gateshead. 

1833. {Allhusen, C. Flswick Hall, Newcastle-on-Tyne. 

3889. § Allhusen, Frank. Low Fell, Gateshead. 

*Allman, Geokoe j., M I)., LL.D., F.R.S. L. k, F., M.R..I.A., F.L.S., 
Emeritus Professor of Natural History in the Eniver.sit}’' of 
Tklinburgh. Ardmore, Parkstone, Dorset. 

1887. *Allnutt, J. W. F., M.A. 12 Cliapel-row, Portsea, Hants. 

1889. X Mlport, Samuel. 50 Whit tail-street, Birmingham. 

1887. JAlward, C. 1^. 11 Ilamilton-.^-treet, Grimsby, Yoik‘«hire. 

1873. {Ambler, John. North Park-road, Bradford, Yorkshire. 

1891. § Ambrose, D. R. 4 Richmond- terrace, Cardiff. 

1883, §Amery, .Tolin Sparke. Drui<l House, vVshburton, Devon. 

1883. §Amu v, Peter Fabyan Sparke. Druid House, Ashburton, Devon. 

1884. {Ami, Henry. Geological Survey, Ottawa, Canada. 

187<). H/c 1 St. damess-place, IlUlhoad, Gla.s</ovji, 

1885. {Andeison, Charles Clinton. 4 Knaresborough-place, Cromwell- 

road, London, S.W. 

1850. I Anderson, Charles William. Belvedere, Harrogate. 

188.3. {Anderson, Miss Constance. 17 Stonegate, York. 

1885. *Anderson, Hugh Kerr. Frognal Park, Hampstead, London, N.W. 

1874. :j: Anderson, John, J.P., F.G.S. Holywood, Belfast. 

1888. * Anderson, R, Bruce. 35 a Great G eorge-streefc, London, S.W. 

1887 t Anderson, Professor R. .1., M.D. Queen's College, Galway. 

1889. {Anderson, Robert Simpson. Elswick Collieries, Newcastle-upon- 

Tyne. 

1880. *Anderson, Tempest, M.D., B.Sc. 17 Stonegate, Yfork. 

1889. •Anderson, D.C.L., F.R.S., M.lnst.C.E. Lesney House 

Erith, Kent. 

1880. ^Andrew, Mrs. 12G Jaraaica-street, Stepney, London, E. 
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1883. J Andrew, Thomas, F.G.S. 18 Soutliernhny, Kxetor. 

18t)l. § Andrews, Thomas. 103 Newr^rt-road, Oardill’. 

1880. Andrews, Thornton, M.Inst.O.E. Oefn Eithen, Swansea. 

1880. § Andrews, William. Gosford Lodpre, Coventry. 

1883. ifAnelay, Miss M. Mahel. Girton College, Cambridge. 

1877. §Angell, John, F.G.S. 6 Ileacons-field, Per by-road, Fallowtield, 

Manchester. 

1886. if Annan, John, J.P. AVhitmore Reans, Wolverhampton. 

1886. lAnsell, Joseph. 38 Waterloo-street, Rirmingliam. 

1878. tAnson, Frederick II. 15 Pean’s-yard, Westminster, S.AV. 

Anthony, John, M.P. 6 Greenlield-cresccnt, Edgbaston, Birming- 
ham. 

18’,)0. §Antrobiis, J. Coiitts. Eaton Hall, Congloton. 

1886, \ Arblastei\ JEdmundf M.A. The Grammar School , Cnrlinflc. 

1870. iAreher, Francis. 14 Cook-street, Liverpool. 

1874. I Archer, WiUiaiu, F.R.S., M.R.I.A. 11 South Frederick-street, 
Dublin. 

1884. * ArchihnUI ^ JR. Douglas. Grosvenor Tlouse^ Tunbridge IVells, 

1851. ^Argyll, Ilis Grace the Puke of, K.G., K.T., P.C.L., F.R.S. L. Sz, F., 
F.G.vS. Argyll Lodge, Kensington, London, W. ; and Inverary, 
Argyllsluri'. 

1884. §Arlidge, .Tohn Thomas, M.P., R.A. The High Gro\e, Stoke-iipon- 
Trent. 

1883. §Armistrad, Richard. 28 Chainbrea-road, Southport. 

1883. *Arini^tead, AVilliam. 15 Riipert-street, Compton-road, Wolver- 

hampton. 

1887. t Ai’ii^itage, Benjnmin. Chomlea, Pendleton, ^Manchester. 

]8(>1. lArmitage, Willkiin. 05 Portland-street, Manchester. 

1867. *Armitstead, Ge<irge. Errol Park, Errol, N.B, 

1857. •Ar.mstroi^g, The Rig^lit Hon. Lord, C.B., L1..P., P.C.L., F.R.S. 
Jesmond Dene, Newcastle- upnn-Tyne. 

1879. •Annstrong, Sir Alexander, K.C.R., M.P., LTj.P., F.R.S., F.R.G.S. 

• The Albany, London, W. 

1886. IAem^irono, Gnorvon Fredekick, M.A., F.R.S.E, F.G.S., Regius 
Professor of I higineering in the University of Edinburgh. The 
University, FAlinbiu'gh 

1873. I Armstrong, Henry E., Ph.D., F.R.S., Sec.C.S., Professor of 
(’herai.stry in the City and Guild.s of Tjondon Institute, Central 
Institution, Exhibition-road, J..ondon, S.W. 55 Granville 
Park, Lewisham, S.E. 

1876. LArni'-trong, James. Bay Ridge, Long Island, New York, U.S.A. 
]88t). tArm.'-trong, John A. 32 Eldon-.street, Newcastle-upon-Tyne. 

1884. I Armstrong, Robert B. Junior Carlton (Tub, Pall Mall, Loudon, 

S.W. 

AmiMrong, Thomas. Higher Broughton, Manchester. 

1889. JArm^trong, Thomas John. 14 Hawthorn-terraco, Newcastle-upon* 
Tyne. 

1870. i^Arnott, Thomas Reid. Bram.shill, Harlesden Green, London, 

N.W. 

185.3. ^Arthur, Rev. William, M.A. Claphnm Common, London, S.W. 
1886. lAscough, Jesse. Patent Borax Company, Newmarket-strect, Bir- 
rainarham. 

1870. *Ash, Pr. T. Linnington. Ilolsworthy, North Devon. 

J874. tAshe, Isaac, M.B. Dundrum, Co. Dublin. 

1880. § Ashley, Howard M. Airedale, Ferrybridge, Yorkshire. 

1873. \Ashfonj John. Gorse JSanlc Iffnise, Windsoi'-roadf Oldham. 

Ashton, Thomas, J.P. Ford Bank, Didsbury, Manchester. 
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1887. :|;Asliton, Tlioinas Gair, M.A. 30 Charlotte-street, Manchester. 

1806. lAshwell, Henry. Woodthorpe, Nottingham. 

*Ashworth, Kdmnnd. Egertou Ilall, Bolton-le-Moors. 

1887. Ashworth, Mrs. Harriet. Thorne Bank, Heaton Moor, near Stock- 

port. 

Ashworth, Henry. Turton, near Bolton. 

1888. Ashworth, .1. J. 30 Spring-gardens, Manchester. 

1890. 1 Ashworth, J. lleginald. 20 King-street, Rochdale. 

1887. lAshworth, John VVallwork. Thorne Bank, Heaton Moor, near 
Stockport. 

1887. tAspland, Arthur P. Werneth Hodge, Geo Cross, near ‘Manchester. 
1875. *Aspland, \V. Gaskell. 93 Fellows-road, London, N.W. 

18(31. §Asqiuth, J. R. Infirmary -street, Leeds. 

1801. lAstoii, Theodore. 11 New-square, Lincoln’s Inn, London, W.C. 

1887. I Atkinson, Rev. C. (vhetwjmd, M.A. Fairfield House, Ashton-on- 

Mersey. 

1865. *Ativ1Nson, Edmund, Ph.D., F.C.S. Porteshery Hill, Camherley, 
Surrey. 

1884. :} Atkinson, Edward. Brookline, Massachusetts, Boston, U.S. A. 

1803. *Athins<>7}, G. Clnytoyi. 21 JfGndsor-ten'acey Newca,stlc-on~Tyne. 
1801. :): Atkinson, Rev. J. A. Longsight Rectory, near Manchester. 

1881. ] T. The (Kiay, Selhy, Yorkshire. 

1881. IAtkinson, Roduut William, h\(5.S. 44 Loudoun-square, OardifJ. 

1803. *Attfield, Professor J., M.A., Ph.D., F.R.S., F.(kS. 1 7 Bloomsbury - 
square, liondon, W.(J. 

1884. tAuchincloss, W. S. 299 Church-street, Philadelphia, U.S. A. 

1880. tAiilton, A. I)., M.l). Walsall. 

1800. *Austin-Gourlay, Rev. William E. O., M.A. The Gables, Win- 
ch(‘ster. 

1805. *AAory, Thomas. Church-road, Edgbaston, Bii’minpham. 

1881. ^Axon, W. E. a. Fern Bank, Higher Broughton, Manchester. 

1888. :j:Ayre, liev. J. W., M.A. 30 Green-street, Grosvenor-square, 

London, W. 

1877. *Ayiiton, W. E., F.R.S., Professor of Applied Physics in the (’ity 
and Guilds of London Institute, Central Institution, Exhibition- 
road, London, S.W. 

•Baeington, Charles Cardale, M.A., F.R.S., F.L.S., F.G.S., Pro- 
fessor of Botany in the University of Oanibiidge. 5 Brookside, 
Cambridge. 

1884. :lBaby, The Hon. G. Montreal, Canada. 

Backhouse, Edmund. Darlington. 

1803. lBaokliou.se, T. W. West Hendon House, Sunderland. 

1883. *Backhouse, AV. A. Sf. John’s AVolsingham, near Dailington. 

1887. *Bacon, Thomas AValter. 4 LA'udhurst-road, IJamjjstead, London, 
N.W. 

1887. IBaddeley, John. 1 Charlotte-street, Alanchester. 

1881. tBaden-lYwell, Sir George S., K.O.IM.G., M.A., M.P., E.R.A.S., 
F.S.S. 8 St. George’s-place, Hyde Park, London, S.AV. 

1877. iBadock, W. E. Badminton House, Clifton Park, Bristol. 

1883. XJiarp'ualy P. II, St. Stephen^ s Cluh^ lVest7mni>tery S.7J\ 

1883. fBaildon, Dr. 65 Mancliester-road, Southport. 

1883. ^Bailey, Charles, E.L.S. Ashfield, College-road, Whalley^ Range, 
Manchester. 

1870. :|:Bailey, Dr. Francis J. 51 Grove-street, Liverpool. 

1887. *Bailey, G. H., D.Sc., Ph.D. Owens College, Manchester. 

1878. John, The Laurels, Wittington, 7icar Ilei'efoi'd. 
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1865. IBailey, Samuel, F.G.S. Ashley House, Calthorpe-road, Edgbaston, 

Birmingham. 

1855. tBailey, William. Horseley Fields Chemical Works, Wolver- 
hampton. 

1887. JBailey, W. II. Summerfield, Eccles Old-road, Manchester. 

1866. iBaillon, Andrew. British Consulate, Brest. 

1878. :|:Baily, Walter. 176 Ilaverstock-hill, London, N.W. 

1885. :{:Bain, Alexander, M.A., LL.l)., Bector of the University of 
Aberdeen. Ferryhill Lodge, Aberdeen. 

1876. |Bain, Sir James, INI.P. 3 Park-terrace, Glasgow. 

1885. i:Bain, William N. Collingwood, Pollokvsbields, Glasgow. 

ISS’2. HUker, Sir Benjamin, K.C.M.G., LL.l)., F.B.S., M.Tnst.C.U. 

2 Queen Square-place, Westminster, S. VV. 

1866. I Baker, Francis B. Sherwood-street, Nottingham. 

1886. ^ /taker, 262 Vbjmoat/i-ijrovcy Mnnc1ie.^te)\ 

1861. ^Baker, J. W. 165 Castle-road, lloath, Cardiff. 

1861. *Baker, .lohn. The Gabl(‘s, Buxton. 

1881. |Baker, liobert, M.D. The Retreat, York. 

1866. I Baker, William. 6 Taptonville, Shellield. 

1875. 1 Baker, W. Proctor. Brislington, Bristol. 

1881. iBaldwin, Rev. G. W. de (k)urcy. IMA. Lord Mayor’s Walk, York. 
1884. |Balete, Professor E. l^olytechnie School, Montreal, Canada. 

1871. t Balfour, G. W. Whittinghame, Prestonkirk, Scotland. 

1875. :1B\lfour, Isaac Bayley, D.Sc., M.I)., F.R S L. Sc E., F.fi S., Pro- 
fessor of Botany in the Univeisity of J^idinburgh. Invcrleith 
II oiise, Edinburgh. 

1886. ^Irs. I, Bayley. Inverleith House, Edinburgh. 

1878. *Ball, Charles Bent, M.I). 24 Merrion-.square, Dublin. 

1866. *Ball, Sir Rodert Staavell, LL.l)., F.R.S., PMl.A.S., Andrews 
Professor of Astronomy in the University of Dublin, and 
RoA\al Astronomer of Ireland. The Observatory, Dunsink, 
Co.‘ Dublin. 

1878. Valentine, C.B., M.A., LL.D., F.R.S., F.O.S., Director of 

the Museum of Science and Art, Dublin. 

1886. *BaIl, W. W. Rouse, M.A. Trinity (/ollege, Cambridge. 

1886. ^Ballantyne, ,1. W., M.B. 24 Mol\ ille-street, hldinburgh. 

1866. |Baiiib<*r, Henry K., F.C.S. 5 Westminster-chambers, Victoria- 
street, Westminster, S.W. 

1860, §Bamford, Tlarrv, B.Sc. The Owens College, Manchester. 

1882. IBauce, Major Edward. Limewood, Th© Avenue, Southampton. 

1870. JBvnisteir, Rev. William, B.A. St. Jameses Mount, Liverpool, 
1884. iBaunatyne, Hon. A. G. Winnipeg, Canada. 

1884. jllarheau, E. J. Montreal, Canada. 

1866. Barber, John. Long-row, Nottingham, 

1884. ^Barber, Rev. S. F. West Raynham Rectory, Swaffham, Norfolk. 

1860. *Barber-Starkey, W. J. S. Aldenbam Park, Bridgnorth, Salop. 

1861. *Barbour, George. Bolesworth Castle, Tattenball, Chester. 

1855. Barclay, Andrew. Kilmarnock, Scotland. 

1871. t Barclay, George. 17 Coates-crescent, Edinburgh. 

1852. *Barclay, J. Gurney. 54 Lombard-street, London, E.C, 

1800. *Barclay, Robert. High I^eigh, IToddesden, Herts. 

1870. •Barclay, Robert. 21 Park-terrace, Glasgow. 

1887. * Barclay, Robert. Springfield, Kersal, Manchester, 
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1857. § Morton, George II., F.G.S. 209 Edge-lane, Liverpool. 

1858. *Morton, Henry Joseph. 2 Westboiirne-villas, Scarborough. 

1871. iMorton, Hugh. Belvedere House, Trinity, Edinburgh. 
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1888. iMoyle, R. E., B.A., F.G.S. The College, Bath. 
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Eivaston-place, London, S.W. 
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1887. ^Murray, A. Hazeldean, Kersal, Manchester. 

1869. ^Murray, Adam. 78 Manor Road, Brockley, S.E. 
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1886. §Nagel, D. II., M.A. Trinity College, Oxford. 

1890. §Nalder, Francis Henry. 16 Red Lion-street, Clerkenwell, London,. 

E.O. 

1876. ^Napier, James S. 9 Woodside-place, Glasgow. 

1872. JNares, Admiral Sir G. S., K.C.B., R.N., F.R.S., F.R.G.S. St. 
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U.S.A. 

1886. §Neale, E. Vansittart. 14 City-buildings, Corporation-street, Mau/- 

chester. 

1887. §Neild, Charles. 19 Chapel Walks, Manchester. 
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W orks , Newcastle-upon-T vne. 

1879. JNohle, T. S., F.G.S. Umdal, York. 
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1881. iNorth, William, B.A., F.C.S. 84 Micklegate, York. 
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1882. § Olsen, O. T\, F.R.A S., F.R.G.S. 116 St, Andrew’s-terrace, Grimsby. 
♦Ommanney, Admiral Sir Erasmus, O.B., LL.D., F.R.S., F.R.A.S., 
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1877. JOxland, Dr. Robert, F.C.S. 8 Portland-square, Plymouth. 


1891. §Pady, Samuel. Llantrisant House, Llantrisant. 

1889. JPage, Dr. F. 1 Saville-place, Newcastle-upoii-l’s ne. 
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1891. §Parker, William Newton, Ph.D., F.Z.S. Professor of Biology in 
University College, Cardiff. 

1865. *Parkes, Saniuel Ilickling, F.L.S. G St. Maiy’s-row, Birmingham. 
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CROWE AND CAVALCASELLE. Lives of the Early Flemish 

Painters Woodcuts. Post 8vo, 7s. 6d. ; or Large Paper 8vo, 15s. 

— Life and Times of Titian, with some Account of his 

Family. Illnatrafions. 2 Vols. 8vo. 21s. 

■ Raphael; His Life and Works. 2 Vols. 8vo. 33^. 

CUM MING (R, Gordon). Five Years of a Hunter’s Life in the 

Far Interior of South Africa. Woodcuts. Post 8vo. 6s. 

CUNDILL (Major J. ?.), R.A., and HAKE (C. Napier). Re- 

Ki'urches on tlie Power of Explosives Tiaohlated and CondeuBed from 
the French of M. Bbrihelot With Illusiratinns. 8vo 
CURRIE (C. L.). An Argument for the Divinity of Jesus Christ. 

Translated from the French of the Aua^ Em. Bouoaud. Post Sv^o. 6s. 
CURTIUS’ (Professor) Student’s Greek Grammar, for the Upper 
Forms. Edited by Da Wm. Smith. Post 8vo 6s. 

Elucidations of the above Grammar. Translated by 

Evklyn Abrot. Post 8vo, 7s 6<i. 

Smaller Greek Grammar for the Middle and Lower 

Forms. Abridged from the larger work 12mo. 3s. 6d. 

Accidence of the Greek Language, Extracted from 

the above work. 12mo. 2s. 6<i. 

Principles of Greek Etymology. Translated by A. S, 

WiLKiKS and E. B. Emolano. New Edition. 2 Vols. 8vo. 28s. 

Tile Greek Verb, its Stiucture and Development. 

Translated by A. S. Wilkins, and E. B. England. 8vo 12s 
CURZON (Hon. Robert). Visits to the Monasteries of the Levant. 
Illustrations. Post bvo. 7s. (id. 

OUST (General). Warriors of the 17th Century — Civil Wars of 
Fiance and England. 2 Vols. 16s, Commanders of Fleets and Armies. 
2 Vols, 18s. 

— — Annals of the Wars — 18th & 19th Century, 

With Maps. 9 Vols. Post 8vo. 6s each. 

DAVY (Sir Humphry). Consolations in Travel; or. Last Days 
of a Philosopher. Woodcuts. Fcap. 8vo. 3s. 6d. 

Salmonia; or, Days of Fly Fishing. Woodcuts. 

Fcap.Svo. 3s. 6d. 

DE COSSON (Major E. A.). The Cradle of the Blue Nile; a 

Journey tlirough Abyssinia and Soudan. Map and Illustrations. 
2 Vols. Post 8vo. 21s. 

Days and Nights of Service with Sir Gerald Graham’s 

Field Force at Suakim. Plan and Illustrations. Crown 8vo. 14t. 

DENNIS (Gborob). The Cities and Cemeteries of Etruria. 

20 Plans and 200 Illustrations. 2 Vols. Medium 8vo. 21s. 

(Robert). Industrial Ireland. Suggestions for a Prac- 
tical Policy of “ Ireland for the Irish." Crown 8vo 6s. 

The Baronetage of Great Bi Rain ; a History, a Criticism, 

and a Vindication. Including all ascertained Facts as to the Foundation 
of the Order, with Curious Particulars as to the varied Fortunes of 
certain Titles and their Holders, and Thoughts on the Degeneracy of 
the Order. 


8 LIST OF WORKS 


DARWIN’S (Charles) Life ami Letters, with an autobiographical 

Chapter. Edited by his Son, Fkaxcis Darwin, F R.S. Portraits. 
8 Vols, 8vo. 365 

An Illustrated Edition of the Voyage of a 

Natiirslist Konnd tlie WoiJd in H.M S BeaRle, With Views ot Places 
Vi),ited RHd Described. By It. T. PiaTCUEiT. 100 Illustrations. 
Medium 8vo. 21s. 

Journal of a Naturalist purino a Voyagb round the 
World. Popular Edition With Poi trait 3s 6cl 
Origin of Species ry Means of Natural Selection. Library 
Fdition. 2\oN. 1 2s. , oi pnpulai Edition. 6s 

Descent op Man, and Selection in Relation to Sex. 

Woodcuts Libr.iry IaI. 2 vols. 15s ; or popular Ed 7s fid 

Variation op Animal.sand Plants under Domestication. 
Woodcuts. 2 Vols 15«. 

Expressions of the Emotions in Man and Animals. With 

Illustrations 12 . 

Various Contrivances by vhich Orchids are Fertilized 

nr Inskcts Woodnits. 7s (d 

Movements and Habits op Climbing Plants. Woodcuts. 6s. 
Insectivorous Plants. Woodcuts. O-s. 

Cross AND Self-Fertilization in the Vegetable Kingdom. 0.;^. 
Different Forms op Flowers on Plants of the same 
Stecifs. 7s fid 

Power of Movement in Plants. Woodcut.s. 

The Formation op Vlgftablk Molld through the Action of 
Worms lllustiations. l’<>Mt 8ve n? 

Life op Erasmus Darwin, i’nitiait. Crown 8vo. Cd. 
Facts and Arguments for Darwin. By Fritz Muller. 
Woodcuts Post 8 VO. 6.5. 

DERBY (Earl of). Iliad of Homer rendered into English 

Blank Verse. With Portrait. 2 Vols. l*oHt 8vo. 10* 

DERRY (Bishop of). Witness of the Psalms to Christ and Chris- 
tianity. Crown 8vo. 9*. 

DICEY (Prof. A. V.). England’s Case against Home Rule. 

CroTvn8vo. 7s fid. 

— — Why England MaintainH the Union. A popular rendering 

of the above. By C E S. Fcap. 8vo Is. 

DOG-BREAKING. [See Hutchinson.] 

DOLLINGER (Dr.). Studies in European History, being Acade- 

mical Addresses Translated by Mauoauli Warrk Portr.ut.8vo 14s. 

DRAKE’S (Sir Francis) Life, Voyages, and Exploits, by Sea and 
Land. By John Babbow. PostSvo. 2s. 

DRINKWATER (John). History of the Siege of Gibraltar, 
1779-1783. With a Description of that Garrison. PostSvo. 2s. 

DU CHAILLU (Paul B.). Land of the Midnight Sun; Illus- 
trations. 2 Vols. 8vo. 36s, 

The Viking Age. The Early History, Manners, 

and Customs of the Ancestors of the Knglibh-speaking Nations, With 
1,800 Illustrations. 2 Vols. 8vo. 42s. 

Equatorial Africa and. Ashango Land. Adven- 
ture* in the Great Forest of Equatorial Africa, and the Country of the 
Dwarls. Popular Edition. With Illustrations. Post 8vo. 7t. 6d. 
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DUFPERIN (Lord). Letters from High Latitudes ; a Yacht Voy- 
age to Iceland. Woodcuts. Post 8vo. 7a. 6d, 

• Speeches and Addresses in India, 1884 — 8. 

8vo. ys 

^Lady). Our Viceregal Life in India, 1884 — 1888. 

Portrait. 2 vols Crown 8vo 24?. Popular Edition Post 8vo. 7s Sd. 

DUNCAN (Col.). History of the Royal Artillery. 2 Vols. 8vo. 185. 

English in Spam; or, The Story of the War of Suc- 

cesHion, 1834-1840. 8vo. 16s. 

DCRER (Albert) ; his Life and Work. By Dr. Thausinq. 

Edited bj- F A Eaton, Illustrations. 2 Vols. Medium 8vo. 42s. 

BASTLAEE (Sir C.). Contributions to the Literature of the 
Fine Arts. With Memoir by Lady Easti.akr. 2 Vols. 8vo. 24s. 
EDWARDS (W. H.). Voyage up the River Amazon, including a 

Visit to Para, Post 8vo. 2a. 

ELLESMERE (Lord). Two Sieges of Vienna by the Turks. 

Post 8yo. 2a. 

ELLIS (W.). Madagascar Revisited. 8vo. 16s. 

Memoir. By His Son. Portrait. 8vo. 10s. 6d . 

(Robinson). Poems and Fragments of Catullus. 16mo. 5s , 

ELPHINSTONE (Hon. M.). History of India — the Hindoo and 

Mahommedan Penods Edited by PROFEbSOR Cowkll. Map. 8vo. 18s. 
Rise of the British Power in the East. A 

Continuation of hia History of India in the Hindoo and Mahommedan 
Periods, Maps, 8v<>. I6.s 
Life of. [See Colebrooke.] 

— (H. W.). Patteins lor Urnamental Turning. 

Illustrations Small 4to, 15*. 

ELTON (Capt,). Adventures among the Lakes' and Mountains 
of Eastern and Central Africa, lllubtiatiuiib. bvo 21s, 

ELWIN (Rev. Warwick). The Minister of Baptism. A History of 
CliUich Opinion from the tinn^ ut the Apostles, especially with lefn- 
cnce to Hcietical and I-ay Adiiuuistration 8vo. 12 s. 

ENGLAND. [See Arthur — Brewer — Crokkr — Hume — Markham 
— S.wn'H — and Stanhopk ] 

ESSAYS ON CATHEDRALS. Edited by Dean Howson. 8vo. 12-. 
ETON LATIN GRAMMAR. For use in the Upper Forms. 
By Fbancis Hay Rawlins, M.A., and William Ralph Inok, 
M.A. Clown 8vo 6 j». 

ELEMENTARY LATIN GRAMMAR. For use in 

the Lower Fonns. Compiled by A. C. Ainqkr, M.A., and H. (i. 
WiNTi.K, M A. Crown Svo 8s 6<I 

PREPARATORY ETON GR.^MMAR. Abridged 

from the above Work. By tlie same Editois. Crown Svo 2s 

FIRST LATIN EXERCISE BOOK, adapted to the 

Kleroctitary and Preparatory Grammars. By the same Editois. 
Clown Svo. 2s 6d. 

FOURTH FORM OVID. Selections from Ovid and 

Tibullus. With ^ote8 by H. G Wintlr. Post Svo. 2s. 6fl 

ETON HORACE. The Odes, Epodcs, and Carmen Smculare. 

With Notes. By F. W. Cornish, M.A Maps. Crown Svo. 6s. 

EXERCISES IN ALGEBRA, by E. P. Rouse, M.A., and 

Arthuk CocKSHoiT, M A Crown Svo. 3s. 

ARITHMETIC. By Rev. T. Dalton, M.A. Crown 8vo. Ss, 

EXPLOSIVES. . [See Cundill.] 
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FEROUSSON (James), History of Architecture in all Countries 
from the Earliest Times, A New and thoroughly Ilevised Edition. 
With 1,700 Illustrations. 5 Vois. Medium bro 
Yols. I. & II. Ancient and Mediaeval. 6Bs. 

III. Indian & Eastern. 81s. 6£?. IV. Modern. 2 Yols. 

81*. (kl. 

FITZGERALD (Bishop). Lectures on Ecclesiastical History, 

including the origin and progress of the English Keformation, from 
Wiciiffe to the Great Ktibelliou. With a Memoir. 2 Vols. bvo. 21*. 

FITZPATRICK (William J.). The Correspondence of Daniel 

O’Connell, the Liberator. With Portrait. 2 Vols. bvo. 30*. 
FLEMING (Pbofessor). Student’s Manual of Moral Philosophy. 

With Quotations and References. Post bvo. 7*. 

FLOWER GARDEN. By Rev. Thos. James. Fcap. 8vo. Is. 
FORD (Isabella 0.). Miss Blake of Monkshalton. A Novel. 

Cro\> u b\ o. 6s. 

FORD (Riohabd), Gatherings from Spain. Post 8vo. 8 a. 6d. 
FORSYTH (William). Hortensius; an Historical Essay on the 

Ottice and Duties of an Advocate. Illustrations, bvo. 7*. 

FORTIFICATION. [See Clakke.] 

FRANCE (History of). [See Arthur — Markham — Smith — 

Students’— T 0 CQUKVIL 1 .E.] 

FRENCH IN ALGIERS; The Soldier of the Foreign Legion-— 

and the Prisoners of Abd-el-KadIr. Post Bvo. 2s. 

FRERE (Mary). Old Deccan Days, or Hindoo Fairy Legends 

current in Southern India, with Introduction by Sir Bahtlb Ekrbb, 
With lllustratlonB. Post bvo. 6s 

OALTON (F.). Art of Travel ; or. Hints on the Shifts and Con- 

trivances available in Wild Countries. Woodcuts. Post Bvo. 7*. 6ci. 

GAMBIER PARRY (T.). The Ministry of Fine Art to the 

Happiness of Life. Revised Edition, with an Index Bvo. 14*. 

GEOGRAPHY. [See Bunburt — Croker — Ramsay — Richardson 
— Smith— Studkntb’.] 

GEOGRAPHICAL SOCIETY’S JOURNAL. (1846 to 1881.) 

SUPPLEMENTARY PAPERS. Royal Bvo. 

Vol. I , Part i. Travels and Heseaiches in Western China. By E. 
CoLBoBNE Baber. Maps 5*. 

Part ii. — 1. Recent Geography of Central Asia; from Russian 
Sources. By E. Deluah Morqam 2. Progress of Dis- 
covery on the Coasts of New Guinea. By G. B. Markham. 
Bibliographical Appendix, by K. C Rye. Maps. 6*. 

Part Hi, — 1. Report on Part of the Ohilzi Country. Ac. By 
Li«ut. J. 8. Broadfoot. 2. Journey from Shiraz to Jashk. 
By J. R. Prbbck. 2*. 6cl. 

Part iv, — Geographical Education. By J. S. Keltie. 2s Gd. 
Vol. II., Part i. — 1. Exploratinn m S. and K W. China. By A. R. 

CoLguuouN. 2. Bibliography and Cartography of His- 
paniola. By H. Lino Roiu. 8 Explorations in Zanzibar 
Dominions by Lieut. C. Strwart Bmitu, R.N. 2s. 6d. 

Part ii — A Bibliography of Algeria, from the Expedition of 
Charles V. in X641 to 19B7. By Bib R. L. Playfair. 4*. 
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GEORGE (Ernest). The Mosel ; Twenty Etchings. Imperial 
4t9. 42t. 

— Loire and South of France ; Twenty Etchings, Folio. 42«. 

GERMANY (History of). [See Markham.] 

GIBBON’S History of the Decline and Fall of the Roman Empire. 

Edited with notes by Milk an. Guizot, and Dr. Wm. Smith Maps. 
8 Vola. 8vo. 60«. Student's Edition. 7s. 6d. (See Student's.) 

GIFPARD (Edward). Deeds of Natal Daring; or, Anecdotes of 

the British Navy. Fcap. 8vo. 3*. 6d. 

GILBERT (Jobiah). Landscape in Art : before the days of Claude 

and Salvator. With 160 Illustrations. Medium 8vo. 30s, 

GILL (Capt.). The River of Golden Sand. A Journey through 

China to Burmah. Edited by E. C Babkb. With Memoir by Col. 
Yule, C.B. Portrait, Map, and Illustrations. PostSvo. 7s. 6d. 

■■ (Mrs.). Six Months in Ascension. An Unscientific Ac- 

count of a Scieniific Expedition. Map. Crown 8vo. 9s. 

GLADSTONE (W. E.). Rome and the Newest Fashions in 

Keliglon. 8vo. 7s. 6d. 

Gleanings of Past Years, 1843-78. 7 Vols. Small 

8vo. 2s. (i'i. each. 1. The Throne, the Prince Consort, the Cabinet and 
Constitution. II. Personal and Literary. Ill Historical and Specu- 
lative. IV. Foreign. V. and VI. Ecclesiastical. VII. Miscellaneous. 

GLBIG (G. R.). Campaigns of the British Army at Washington 

and New Orleans. Post 8vo. 2s. 

Story of the Battle of Waterloo. Post 8vo. 3s. Qd, 

Narrative of Sale’s Brigade in AflTghanlstan. PostSvo. 2s. 

— — - Life of Lord Clive. Post 8vo. 3s. 6d. 

Sir Thomas Munro. Post 8vo. 3s. 6<i. 

GOLDSMITH’S (Oliver) Works. Edited with Notes by Pkteb 

Cunningham. Vignettes. 4 Vols. 8vo. 80«. 

GOMM (F.M. Sir Wm.). His Letters and Journals. 1799 to 

1816. Edited by F. C. Carr Gomm, With Portrait. Svo. 12*. 

GORDON (Sir Alex.). Sketches of German Life, and Scenes 

from toe War of Liberation, Post 8vo. 8f . 6<i. 

(Lady Ddif). The Amber- Witch. PostSvo. 2s. 

gee also Ross. 

The French in Algiers. Post 8vo. 2jf. 

GORE (Rev. Charles, Edited by). Lux Mundi. A Series? of 

Studies in the Religion of tbo Incarnation. By various Writers. 
8vo. 14f. 

GOULBURN (Dean). Three Counsels of the Divine Master for 
the conduct of too Spiritual Life: — The Commencement; The 
Virtues ; Tho Conflict. Cheap Edition (424 pp.). Crown 8vo. 9s. 

GRAMMARS. [See Curtius — Eton — Hall — Hutton — Kina 

Edward — Lkathks— MAKTZNBR—MATTHiiE— S mith. ] 

GRFECE (History of). [See Grots — Smith — Students’.] 
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GROTK’S (Gkorgk) WORKS:— 

History of Grkkcb. From the Earliest Times to the 

Death of Alexander the Qieat. Ntio Portrait, Map, and 

Plana. 10 Vols. PostSvo. 5s each, {'ihe Vohimes may he had Separately.) 

Plato, and other Companions ot Sociates. a Vole. bvo. 4 h«.; 

or. New Edition, Edited by Ai.fx Bain. 4 Vola. Crown 8vo.^5s, each. 

Aristotlb. 8 VO. 12s. 

Personal Life. Portrait. 8vo. 12s. 

Minor Works. Portrait. 8>o. 14s. 

- — ' (Mrs.), a Sketch. By Lady Eastlakk. Crown 8vo. 6s. 
GUILLEMARD (F. H.), M.l). The Voyage of the Marchesa to 

KamFChalka and New (lUinea. 'With Noncea of Forniosa and the 
Islai.da of the Malay Archipela)r<*. New Edition. With Maps and 100 
Illustration''. One Vi lunie. Medium 8vo *21* 

HAKE (G. Nai'Ikf) on Explo^ivea. (See Cundill.] 

II iLL’S (T. 1).) School Manual oi English Grammar* With 

Illustratlonb and Practical Exercises. 12n)o. 35. 6(i. 

Primary English Grammar for Elementary Schools, 

With nunierotis Exercises, and graduated Parsing Eessons. 16rao. I 5 . 

Manual of English Compossition. With Copious Illustra- 
tions and Practical Exercises 12ino 85 . Sd 
— — Childs First Latin Book, comprising a full Practice of 
Nmns, Pronouns, and Adjectives, with the Verbs. 16mo. 2s. 

HALLAM’S (Henry) WORKS:— 

Tbb Constitutional History op England, from the Acces- 
sion ol Henry the Seventh to the Death of Geoige the Secoiid. Library 
.8 Vols 8vo 305 Gahxnvl AuiOon, 3 Vols. Post Hvo. 125. htu- 
denis Edition, PostSvo. 75 6d. 

History of Europe during the Middle Ages. Library 
Edition, 3 Volp 8vo 305 Cabinet Edition, 3 Vols. Post Svo. 125. 

Student's Edition, PostSvo. 7s. 6(1. 

Literary History of Europe during the 16th, 16th, and 

17th Ckntubifs Lif/rary Edition, 3 Vots Svo Sf.i Cohinet Kdtvon^ 

4 Vols. PostSvo. 1()5. IPoitrait. Fcap.Svo. 85 . 6d 

HART’S ARMY LIST. {Puhlished Quait^'rLy and Annvally.) 

HAY (Sir J. H. Drummond). WcHtern Barbary, its Wild Tribes 

and Savage Animals PostSvo 'It. 

HAYWARD (A.). Sketches of Eminent Statesmen and Writers, 

2 Vo'i-. Svo. 28« i 

The Art of Dining. PostSvo. 2v. | 

- A Selection from his Corropondence. Edited with 

an Introductory account of Mr Ha/waru’s Early Life. By H. E. 

Cari.isli!,. 2 vols. Crown Svo 24s, 

HEAD’S tSiR Francis) WORKS : — 

The Royal Engineer. Illustrations. Svo. 12«. 

Life op Sir John Burootne. Post Svo. 1«. 

Rapid Journeys across the 1’ampak. Post Svo. 2«. 

Stokers and Pokers ; or. the L. and N, W. R. Post Svo. 23. ' 

HEBER’S (Bishop) Journals in India. 2 Vols. Post Svo, Ts. 

Poetical Works. Portrait. Fcap. Svo. 83. Qd, | 

HERODOTUS. A FJew English Version. Edited, with Notes i 

and EsBays by Canon Kawi inson, Sir 11. Rawi.inron and Sir J G. j 

Wilkinson. Maps and WcodcutR 4 Vola. Svo. 485. I 

HERBIES (Rt. Hon. John). Memoir of his Public Life. 

By bis Son, Edward Berries, C.B. 2 Vols. Svo. 24*. 
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FOREIGN HAND-BOOKS. 

HAND-BOOK — TRAVEL-TALK. EQ^j:li 8 h, French, German, and 

Italian. New and Reviged Edition. tSmo. 35. 6d. 

DICTIONARY : English, French, and German. 

Containing all the wordg and idiomatic phrases likely to be required by 
a traveller. Bound In leather. 16mo. 6s. 

HOLLAND AND BELGIUM. Mapand Plans. 6s. 

NORTH GERMANY and THE RHINE,— 

The Black Forest, the Hartz, Thtlrlngerwald, Saxon Switzerland, 
RUk?en, the Giant Mountains, Taiinus. Odenwald, EUass, and Lotb- 
riugen. Map and Plans. Post 8vo. lOa. 

SOUTH GERMANY AND AUSTRIA.— Wurtem- 

bfrg, Bavaria, Austria, Tyrol, Styria, Salzburg, the Dolomites, Hungary, 
and ttie Danube, trora Uiin to the Black Sea. Maps and Plans. Two 
Parts. PostSvo 12s 

SWITZERLAND, Alps of Sivoy, and Piedmont. 

In Two Parts. Maps and Plans. Post 8vo. 105 

FRANCE, Part I. Normandy, Brittany, the French 

Alps, the Loire, Seme, Garonne, and Pyrenees. Maps and Plans. 
7a 6d 

FRANCE, Part II. Central France, Auvergne, the 

Cevennes, Bui gundy, the Rhone and Saone, Provence, Nimes, Arles, 
Marseilles, the French Alps, Alsace, Lorraine, Champagne, &o. Maps 
and Plans Post 8vn. 7s. 6d. 

4 THE RIVIERA. Provence, Dauphine. The Alpes 

Mailtimos, Avigno'i, Nimes, Ailes, Marseilles, Toulon, Cannes, 
Grasse, Nice, Moiiico, Men'one, Bordighera, Sin Kem>, Alassio, 
Savons, &c ; Grenoble, Gr.v ide Chartreuse. Maps and Plans 8vo 5s. 
MEDITERRANEAN — its Principal Islands, 

Cities, Seaports, Harbours, and Border Lands. For Travellers and 
Yachtsmen, with nearly 50 Maps and Plans. Two Parts. PostSvo. 21®. 
AIjGERIA and TUNIS. Algiers, Constantine, 

Oran, Tlemcen. Bougie, Tebessa, Biskra, the Atlas Range. Maps and 
Plans. Post 8vo. 

— — PARIS, and Environs. Maps and Plans. 3,?. 6d. 

SPAIN, Madrid, The Castiles, The Basque Provinces, 

Leon, The Asturias, (lalicin, Estremadura, Andalusia, Honda, Granada, 
Murcia, Valencia, Catalonia, Araijon, Navarre. The Balearic Islandfi, 
Ac.&c. Maps and Plans. Two Parts. PostSvo. 20®, 

— PORTUGAL, Lisbon, Oporto, Cintra, Mafra, 

Madeira, the Azores, Cuiary Island^, <kc. Mao and Plan. 12®. 

NORTH ITALY, Turin, Milan, Cremona, the 

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vicenza, Padua, 
Ferrara, Bologna, Ravenna, Rimini, Piacenza, Genoa, the Riviera, 
Venice, Parma, Modena, and Romagna. Maps and Plans. PostSvo. li>a. 

CENTRAL ITALY, Florence, Lucca, Tuscany, The 

Marshes, Umbria, Ac. Maps and Plans, Two Parts. PostSvo. lOt. 

— ROME AND ITS Environs. 50 Maps and Plans. 10.?. 

SOUTH ITALY AND SICILY, including Naples 

and its Environs, Pompeii, IleicuUnpiim, Vesuvius ; Sorrento ; Cipri ; 
Amalfi, PiBitiim, PozziioU, Capua, Taranto, Ban; Brindisi and the 
Roads fioin Rome to Naples, Paleimi, Messina, Syracuse, Catania, 
&c. Two Parts. Maps. Post Svo. i2j 

NORWAY Christiania, Bergen, Trondhjem. The 

Fjelds and Fiords. Maps and Plans. PostSvo. 9*. 

SWEDEN, Stockholm, Upsala, Gothenburg, the 

Shores of the Baltic, &c. Maps and PI in. PostSvo. 6®. 
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HAND-BOOK — DENMARK, Sleawig, Holstein, Copenhagen, Jut- 
land, Iceland. Maps and Plans. Post 8vo. 6i. 

RUSSIA, St. Pktkrsbpro, Moscow, Polani), and 

Fiklamo. Maps and Plans. Post 8vo. 18s. 

_____ GREECE, the Ionian Islands, Athens, the Pelopon- 
nesus. the Islands of the .^^ean Sea. Albania, Theasalf, Macedonia, 
&c. In Two Parts. Maps, Plans, and Views. Po9t8vo. 245. 

TURKEY IN ASIA — Constantinoplb, the Bos- 
phorus, Dardanelles, Bronsa, Plain of Troy, Crete, Cyprus, Smyrna, 
Ephesus, the Seven Churches, Coasts of the Rlarh Sea, Armenia, 
Euphrates Valley, Route to India, &c. Maps and Plans, Post 8vo. 

EGYPT. The Course of the Nile through Egypt 

and Nubia, Alexandria, Cairo, Thebes, Suez Canal, the Pyramids, 
Sinai, the Fyoom, <&c. Maps and Plans. Post 8vo. 

: HOLY LAND — Stria, Palestine, Peninsula of 

Sinai, Edom, Syrian Deserts, Petra, Damascus ; and Palmyra. Maps 
and Plans. Post 8vo, 20s 

Map of Palestine. In a case. 125. 

BOMBAY — Poonah, Beejapoor, Kolapoor, Goa, 

Jnbulpoor, Indoref Surat, Buroda, Ahmedabad, Somnauth, Kurrachee, 
&c. Map and Plans Post t'vo. I5s. 

MADRAS — Trichinopoli, Madura, Tinnevelly,Tnti- 

conn, Bangalore, Mysore, The Nilgliis, Wvnaad, Ootacannmd, Calicut, 
Hyderabad, Ajanta, Elui a CaveH, it, c. Maps andPlans. Post Hvo. 165, 

BENGAL — Calcutta, Orissa, British Burmah, 

Raneoon, Moulniein, Mandalay, Daijillng, Dacca, Patna, Bonarps, 
N -W Province.*, Allahabad, Cawnpore, Lucknow, Agra, Gwalior, 
Naim Tal, Delhi, <&c. Maps and Plans. Post 8vo. 20s. 

THE PANJAB — Amraoti, Indore, Ajmir, Jaypur, 

Rohtuk, Saharanpur, Ambala, I.odlana, Lahore, Kiiln, Simla, Sialkot, 
Peshawar, Rawul Hindi, Attook, Karachi, Sibi, &c. Maps 15'>. 
INDIA A Piaclic.il Guide for Travellers tliroiigh 

the Principal Routes in Boi.gaL B mhay, Madras, Punjab, Ac , and 
to tlie Miinnier Resorts Sinibi, Daijeeling, Mahabaleshwar, Matlieian, 
Mt. Aboo, chc 111 One VoluM'O, Maps and Plans. Postb\o 


ENGLISH HANDBOOKS. 

HAND-BOOK— ENGLAND AND WALE3. An Alphabetical 

Hand-Book. Condensed into One Volume for the Use of Travellers 
With a Map. Post 8vo. 125. 

LONDON. Maps and Plans. 16nio. 3«. 6d, 

__ _ _ _ ENVIRONS OF LONDON within a circuit of 20 

mileH. 2 Vols. Crown 8vo. 2l5. 

ST. PAUL’S CATHEDRAL. 20 Woodcuts. 10.?. 

EASTERN COUNTIES, Chelmsford, Harwich, Col- 

cheater, Maldon Cambridge, Ely, Newmarket, Bury St Edmunds, 
Ipswich, Woodbridge, Felixstowe, Lowestoft, Norwich, Yarmouth, 
Cromer, &c. Map and Plans. Post 8vo. 

CATHEDRALS of Oxford, Peterborough, Norwich, 

Ely, and Lincoln. With 90 IlluNtrations. Crown 8vo. 215. 

KENT, Canterbury, Dover, Ramsgate, Sheernesa, 

Rochester, Chatham, Woolwich. Maps and Plans. Post 8vo. 75. 6d. 

— SUSSEX, Brighton, Chichester, Worthing, Hastings, 

Lewes, Arundel, Ac. Maps and Plans. Post 8vo. 65 . 
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HAND-BOOK— SURREY AND HANTS, Kingston, Croydon, 

Hoi^ate, Guildford, Dorking, Winchester, Southampton, New Forest, 
Portsmouth, Islk of Wight, tkc. Maps and Plans, Post 8vo. 10«. 

BERKS, BUCKS, AND OXON, Windsor, Eton, 

Reading, Aylesbury, Uxbridge, Wycombe, Henley, Oxford, Blenheiir, 
the Thames, &c. Maps and Plans. Post 8vo. 9s. 

WILTS, DORSET, AND SOMERSET, Salisbury, 

Chippenham, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton, 
&c. Map. Post 8vo. 12s. 

DEVON, Exeter, Ilfracombe, Linton, Sidmouth, 

Dawlish, Teignraouth, Plymouth, Devonport, Torquay. Maps and Planp. 
PostSvo. 7 s Sd. 

CORNWALL, Launceston, Penzance, Falmouth, 

the Lizard, Land’s Knd, &c Maps Post 8vo. 6«. 

CATHEDRALS of Winchester, Salisbury, Exeter, 

Wells, Chichester, Rochester, Canterbury, and St Albans With 130 
Illustrations 2 Vols Crown 8vo 36« St. Albans separately. Gjj. 

GLOUCESTER, HEREFORD, and WORCESTER, 

Cirencester, Cheltenham, Stroud, Tewkesbury, Leominster, Ross, Mai- 
vein, Kidderminster, Dudley, Kvesham, &c. Map. Post 8vo 9s. 

— — CATHEDRALS of Bristol, Gloucester, Hereford, 

Worcester, and Lichfield. With 50 Illustrations. Crown 8vo. 16j. 

— — NORTH WALES, Bangor, Carnarvon, Beaumaris, 

Snowdon, Llanberls, Dolgelly, Conway, &c. Maps. Post 8vo. 7s. 

. SOUTH WALES, Monmouth, LlandaflT, Merthyr, 

Vale of Neath, Pembroke, Carmarthen, Teuby, Swansea, The Wye, Ac. 
Map. Post Kvo 7.« 

CATHEDRALS OF BANGOR, ST. ASAPH, 

LlandafF, and St. David’s With Illustrations. Post Svo. 15s 

NORTHAMPTONSHIRE AND RUTLAND— 

Northampton, Peterbo»ougb, Towcesfer, Daventry, Maiket Har- 
boroiigh, Kettering, Wellingborough, Thrapston, Stamfoid, Upping- 
ham, Oakham. Maps. Post Svo. 7s. fid 

DERBY, NOTTS, LEICESTER, STAFFORD, 

Matlock, BakewelljChatsworth.ThePeak, Buxton, Hardwick, Hove Dale, 
Ashborne, Southwell, Mansfi*'ld, Retford, Burton, Belvoir, Melton Mow- 
bray, Wolverhampton, Lichfield, Walsall Tamwoith. Mnp, Post 8vo 

SHROPSHIRE AND CHESHIRE, Shrewsbury, Lud- 
low, Bridgnorth, Oswestry, Chester, Crewe, Alderley, Stockport, 
Birkenhead. Maps and Plans. Post Svo 6s. 

LANCASHIRE, Warrington, Bury, Manchester, 

Liverpool, Burnley, Clitheroe, Bolton, Blackburne, Wigan. Preston, Roch- 
dale, Lancaster. Smith port, Blackpool, .vc Map.s & Plans. Post Svo 7s. fid. 

the ENGIdSit LAKES, in Cumberland, West- 
moreland, and Lancashire, Lancaster, Furness Abbey, Ambleside, 
Kendal, Windermere, Coni'ton, Keswick, Orasmeie, Ulswatei, 
Carlisle, Cockermoiifli, Peniith, Appleby, die. Maps. PostSvo. 7*. fid. 

YORKSHIRE, Doncaster, Hull, Selby, Beverley, 

Scarborough, Whitby, llairogato, Kip<>n, Leeds, Wakefield, Bradford, 
Halifax, Iluddersfltdd, Shellit Id Map and Plans. Post Svo. 12». 

— CATHEDRALS of York, Ripon, Durham, Carlisle, 

Chester, and Manchester. With 60 Illustrations. 2 Vols. Cr Svo. 2ls. 

DURHAM AND NORTHUMBERLAND, New- 
castle, Darlington, Stockton, Hartlepool, Shields, Berwick-on-Tweed, 
Morpeth, Tynemouth, Coldstream, Alnwick, &c. Map. Post Svo. 10^. 

LINCOLNSHIRE, Grantham, Lincoln, Stamford, 

Sleaford, Spalding, Gainsborough, Grimbby, Boston. Maps and Plans. 
Post bvo. 7'». fid. 

WARWICKSHIRE. Map. Post Svo. 

HERTS, BEDS and HUNTS. 
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HAND-BOOK — SCOTLAN D, Edinburgh, Melrose, Kel 80 ,Gla 8 gow, 

Dumfries, Ayr, Stirling, Arran, The Clyde, Oban, Inverary, Loch 
Lomond, Loch Katrine and Tt-ossachs, Caledonian Canal, Inverness, 
Perth, Dundee, Aberdeen, Braemar, Skye, Caithness, Boss, Suther- 
land, dtc. Maps and Plans. Post 8vo. 9^. 

IRELAND, Dublin, Belfast, the Giant’s Cause- 

wsy, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Killar- 
ne) , Bantry, Glengariff, &c. Maps and Plans. Post 8vo. 10«. 

HICKSON (Dr. Sydney J.). A Naturalist in North Celebes ; a 

Narrative of Travels in Minali.issa, the Sanyir and Talaut Inlands, 
with Notices of the Fauna, Flora, and Ethnology ot the Districts 
visited. Map and lllustrstions. 8vo. Ids 

HISLOP (S'TSPHEN). [See Smith, George.] 

HOBfeON (J. A.). [See Mummery.] 

HOLD WAY (J. G.). A Month m Norway. Fcap. 8vo. 2«. 
HONEY BEE. By Rev. Thomas Jambs. Fcap. 8vo. 1«. 

HOOK ^Dban). Church Dictionary. A Manual ol Reference for 

Clergymen and Students. New Edition, thoioiiglily revised Edited ty 
WaltehHook, M A.jandW.U W. Sir phkns, M. A. Med bvo. 21*. 

IThbodore) Life. By J. G. Lockhart. Fcap. 8vo. Is. 

Hope (A. j. Beresford). Worship in the Church of England. 
8vo, ; or, Popular S^kctionn from, 8vo, 2«. 6ti. 

Worship and Order. 8vo. 9$, 

HOPE-SCOTT (James), Memoir. [See Ornsby.] 

HORACE ; a New Edition of the Text. Edited by Dbam Milman. 

With 100 Woodcuts. Cr (Wn 8vo. la. 6d. 

[See Eton.] 

HOUGHTON’S (Lord) Monographs. Portraits. lO.s. 6fl. 

Poetical Works. Portrait. 2 Vols. 12.v. 

(Robert Lord) Stray Lcavc.s. Crown 8vo. 


HOME AND COLONIAL LIBRARY. A Series of Works 

adapted for all circles and classes of Readers, having been selected 
ff»r their acknowledged interest, and ability of tlie Authors. Post 8vo. 
Published at 2s. and 3* Hd each, and arranged under two distinctive 
beads as follows ; — 

CLASS A. 

HISTORY, BIOGRAPHY, AND HISTORIC TALES. 


SIEGE OF GIBRALTAR. By 
JOHM DniNKWATKk. 2s. 

THE AMBER-WITCH. By 
Lady Duff Gordon. 2a 
CROMWELL AND BUNYAN. 

By Robkbt Southkt. 2« 
LIFEof Sib FRANCIS DRAKE. 

By John Baurow. 2a. 
CAMPAIGNS AT WASHING- 
TON. By Rev. O R. Glrio 2a. 
THE FRENCH IN ALGIERS. 

By I.ADT Dufv Gordon. 2* 

1 HE FALL OF THE JESUITS. 
2a. 

LIFE OF CONDE. By Lobd Ma- 
BOF. 8a. Sd 

SALE’S BRIGADE. By R*v. 

O R. Gdeio. 2a. 

THE SIEGES OF VIENNA. 
By Lobd Ellxsmbbk. 2a. 


THE WAYSIDE CROSS. By 
Capt. Milban. 2a. 

SKETCHES OF GERMAN LIFE. 

By Sib A. Gordon. 8«. 6d. 

THE BATTLE OF WATERLOO. 

By Rbv G.R. Glkio. 8a. 6d. 
AUTOBIOGRAPHY OF STEF- 
FENS. 2a. 

THE BRITISH POETS. By 
Thomas Campbbll. 8a. 6d. 
HISTORICAL ESSAYS. By 
Lord Mahon. 8«. 6d. 

LIFE OF LORD CLIVE. By 
Krv. G. R. Glrio. 8a. 6d. 
NORTH WESTERN RAIL- 
WAY BySiR F. B.Hibad. 2i!. 
LIFE OF MUNRO. By Rbv. G, 
R. Omtio. 8«. 6d. 
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CLASS B. 

VOYAGES, TRAVELS, AND ADVENTURES. 

JOURNALS IN INDIA By HIGHLAND SPORTS. By 

Bishop Hfbeh. 2 Vols It . Charlks St John. 3« 6d . 

TKAVELSinthe HOLYLAND. PAMPAS JOURNEYS. By I 

Hy luHY and Mangles, F B Head 2« 

MOROCCO AND THE MOORS. GATHERINGS FROM SPAIN. 

By J Drummond Hay 2? By Kiuhard Ford. 3*. 6<i. ’ 

LET PEItSFRiiM THE BALTIC. TflE RIVER AMAZON. By | 

By A Lady 2 . W II Ei)ward.s 2.L j 

N»-.W SOU ITI WALES By Mbs. MANNERS & CUSTOMS OF 1 

MKiiEtHiii h INDIA. By Rev C Acland i 

THE West INDIES. ByM. G. ADVENTURKS IN MEXICO. ; 

Lewis. ""‘/s By G F Ruxros 3<, 6<L 

SKETCHES OF PERSIA. By PORTUGAL AND GALICIA. 

Sir John Malooi M, 3a Hd. By Lord Carnarvon. 3$.Hd. 

MEVIOIKS or FAlTlEli RIPA. BUSH LIFE IN AUSTRALIA. ! 

By Rkv H. W. Haygahth J'i ' 

TYPEE AND OMOO. By THE LIBYAN DESERT. By ' 

Hermann Mfi.vilik 2 Vols 7 . Bavlk Sr. John 2a . , 

MISSIONARY LIFE IN CAN- SIERRA LEONE. By A Lady i 

ADA. By Rkv. J. Anno rr 2". 3s 6d. 

LETTERS From MADRAS By ' 

A Lady. 2s. 

*** Each work may be had Rcparately. ' 

HITHN (A. Von). The Struggle of the Bulgarians for National , 

Trulopendence • A History of the Wat betMtMMi Htil^^aiia and Serviii I 

in 1SS5, under PuiNOR Alexander. With Map Crown bvo Ss. i 

HUME (The Student’s). A History of England, from the Inva- 

sion of Julius Cicsai to the Revolution of New I'.dition, revised, ! 

conectod, and continued to the 'Ireaty of Berlin, 1878 By J. S. ; 

Buewlr, M a. With 7 Colouied Maps ik 70 Woodcuts. Post 8vo. 7a . 6d , ' 

•** Sold also in 3 pai ts. I’nce 2«. each 

HUNJSTEWELL (James F.), England’s Chronicle in Stone; 

Derived from Personal Observat'Ofis tf the Cathedrals, Churches, 

Abbf^ys, Mtuiasteiies, Castles, and Palaces, made in .Jouine>s through i 

the Imperial Island With Illustrations Medium 8vo. 2H. j 

HUTCHINSON (Gkn.). Dog Breaking, with Odds and Ends for ! 

those who love the Dog and the Gun. With 40 Illustrations. Crown j 

8vo. 7f 6d. *** A Summary of the Rules for Gainekeepeis. H. ! 

HUTTON (II. E.). Principia Greeca; an Introduction to the Study 

of Greek Com]»rehending Ginmiiiar, Delectus, and Exercise-book, j 

witli Vociibulrtnes. Edition 12ino as 1 

(James). James and Philip van Artevelde. Two 

remarkable Episodes in the Annals of Flandeis • with a description fd 
the state of .Society in Flaiidens in the 14th Century. Cr 8vo. 10«. fed. 
IIYMNOLOGY, Dictionart of. [See Julian.] 

ICELAND. [See Coles — Duiferin.J 

INDIA. [See Broadfoot — Duffbrin — Elphinstone — Hand-book 
— Smith — Temple — Monier Wii liams-— Lyali-.J 

IRBY AND MANGLES’ Travels in Egypt, Nubia, Syria, and 

the Holy Land. Post 8vo. ‘ 2a . 

JAMES (P. L.). The Wild Tribes of the Soudan : with an account 
of the route from Wady Haifa to Dongola and Beiber. With 
Chapter on the Soudan, by Sm S. Baker Illustrations Crown Svo. 

7^. 6d. 

JAMESON (Mrs.). Lives of the Early Italian Painters — 
and the Progress of Painting in Italy — Cimabue to Bassano. With 
60 Portraits. Post 8yo. 12s. 

0 
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JANNARIS (Pjrof. A. K.). A Pocket Dictionary of the Modern 

Greek and English Languages, as actually Written and Spoken. Being 
a Copious Vocabulaiy of all Words and Expressions Cm rent in Oj dinar/ 
Heading and in Everyday Talk, with Especial Illusttation by means of 
Distinctive Signs, ot the Colloquial and Popular Greek Language, for 
the Guidance ot Students and Travellers. Ecap. 8vo. 

JAPAN. [See Bird — Mounset — Heed.] 

JENNINGS (L. J.). Field Paths and Green Lanes : or Walks in 
Surrey and Sussex. Popular Edition. With Illustrations. Cr. 8vo. 65. 
[See also Cboker.] 

JERVIS (Rev. W. H.). The Gallican Church, from the Con- 
cordat of Bologna, 1616, to the Kevolution. With an Introduction. 
Portraits. 2 Vols. 8vo. 28«. 

JESSE (Edward). Gleanings in Natural History. Fcp. 8vo. 3s. 6d, 
JOHNSON’S (Dr. Samuel) Life. [See Boswell.] 

JULIAN (Rev. John J.). A Dictionary of Hymnology. A 

Companion to Existing Hymn Books. Setting forth the Oiigin and 
History of the Hymns contained in the Principal Hymnals, with 
Notices of their Authors. Medium 8vo. 

JUNIUS’ Handwriting Professionally investigated. Edited by the 

Hon. E Twiplktom. With Factuiniles, Woodcuts, &c. 4to. A‘8 3«. 

KENDAL (Mbs.) Dramatic Opinions. Post 8vo. Is. 

KERR (Kodt.). The Consulting Architect: Practical Notes on 

Administrative Difficulties. Ciown 8vo. 9s. 

KING EDWARD VIth’s Latin Grammar. 12mo. 8s. 6d. 

— First Latin Book. 12mo. 2s. 6d. 

KIRKES’ Handbook of Physiolog 5 ^ Edited by W. Morrant 

Baker and V. I). Harris. With 600 Illustrations. Post 8vo. 14s. 

KUGLER’S HANDBOOK OF PAINTING.— The Italian Schools. 

A New Edition, revised By Sir Henry Layabu. With 2U0 Illustra- 
tions 2 vols. Crown 8vo. dOa. 

The German, Flemish, and 

Dutch Schools. New Edition revised. By Sir J. A. Crowe. With 
60 Illustrations. 2 Vols. Crown 8vo. 24*. 

LANE (E. W.). Account of the Manners and Customs of Modern 

Egyptians. With Illustrations. 2 Vols. PostSvo. 12a. 

LAWLESS (PIoN. Emily). Major Lawrence, F.L.S. : a Novel. 

8 Vols. Crown 8vo. Sts. 6d. Cheap Edition, Os 

Plain Frances Mowbray, etc. Crown 8vo. 6s. 

LA YARD (Sir A. H.). Nineveh and its Remains. With Illustra- 

tions. Post 8vo. 7a. dd. 

Nineveh and Babylon : Discoveries in the Ruins, 

with Travels in Armenia, Kurdistan, die. IlluRtrations. PostSvo. 7s.6d. 

Early Adventures in Persia, Babylonia, and Susiana, 

including a residence among the Bakhtiyari and other wild tribes, 
before the discovery of Nineveh. Portrait, Illustrations and Maps. 
2 Vols. Crown 8vo. 24a. 

LEATHES (Stanley). Practical Hebrew Grammar. With the 

Hebrew Text of Genesis 1. — vl., and Psalms i.— vl. Grammatical. 
Analysis and Vocabulary. Post 8vo. 7a. 6d. 

LBNNEP (Riv. H. J. Van). Missionary Travels in Asia Minor. 
With Illostratioiis of Biblical History and Archaeology. 2 Vols. 
Post 8vo. 24a. 

Modern Customs and Manners of Bible Lands, in 

Illastration of Scripture. Illustrations. 2 Vols. 8vo. 21a. 
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LESLIE (C. R.). Handbook for Young Painters. Illustrations. 
Post 8vo. 7$. 6d. 

LETO (PoMPOHio). Bight Months at Rome during the Yatitau 

Council. 8vo. 12a. 

LETTERS PROM the Baltic. By Lady Eastlakb. Post 8vo. 2^. 

Madras. By Mbs. Maitland. Post 8vo. 2«. 

Sierra Leone. By Mrs. Melville. 3.?. Qd. 

LEVI (Leone). History of British Commerce; and Economic 
Progress of the Nation, from 1763 to 1878. 8vo. 185. 

The Wages and Earnings of the W orking Classes 

in 1883-4. 8vro. 3i. 6d. 

LEWIS (T. Hatter). The Holy Places of Jerusalem. Illustrations. 

8 VO 1()5. 6(f 

LEX SALICA; the Ten Texts with the Glosses and the Lex 

Eraendata. Syiioptically edited by J. II IIfsskls. With Notes on 
the Frankish Words m the Lex Salica by H. Kbrk, of Leyden. 4to. 42s. 
LIDDELL (Dean). Student’s History of Rome, from the earliest 
Times to the establishment of the Empire. Woodcuts Post 8vo, 7a. 6d. 
LIND (Jenny'), The Artist, 1820 — 1851. Her early Art-life and 
Dr.inritic Career Fiom Original Documents, Letters, Diai ics, &c., 
in the possession of Mr. GoLosciiMiDr, By Canon JI Scott Holland, 
M.A., andW S. Rockstro. With Portraits and Illustrations. 2 Vols. 
8 VO 32s. 

LINDSAY (Lord). Sketches of the History of Christian Art. 
2 Vols. Crown 8vo. 24<r. 

LISTINGS from LOW LATITUDES; or, the Journal of the Hon, 
IrapulsiaGushington. Edited by Lord Dukfkbin. With‘24 Platos.4to.21«. 
LIVINGSTONE (Dr). First Expedition to Africa, 1840-56. 
llluatrationa. Post 8vo. 7a. Sd. 

Second Expedition to Africa, 1858-64. Illustra- 

tions. Post 8vo. 7a. 6(i. 

Last Journals in Central Africa, to his Death. 

By Rev Horacb Wallkr. Maps and Illustrations. 2 Vols. 8vo. 15a. 

Personal Life. By Wm. G. Blaikie, D.D. With 

Map and Portrait. 8vo. 6s. 

LOCKHART (J. G.). Ancient Spanish Ballads. Historical and 
Romantic. Translated, with Notes. Illustrations. Crown 8vo. 6 a. 
Life of Theodore Hook. Fcap. 8vo. Is, 

LONDON: Past and Present; its History, Associations, and 
Traditions. By IIfnry B. Wiikatlly, F.S.A Baaed ou'Gunuingham’s 
Handbook. Library Edition, on laiid Paper 3 Vols. Medium 8vo. 3i.35. 
LOUDON (Mrs.). Gardening for Ladies. With Directions and 
Calendar of Operations for Every Month. Woodcuts. Fcap. 8vo. 3 a. 6<i. 
LUMHOLTZ (Dr. C.). Among Cannibals; An Account of Four 
Years’ Travels in Australia, and of Camp Life among the Aborigines 
of Queensland. With Maps and 120 Illustrations. Medium 8vo. 24 a. 

LUTHER (Martin). The First Principles of the Reformation, 
or the Three Primary Works of Dr. Martin Luther. Portrait. 8vo. 12a. 
LYALL (Sir Alfred C.), K.C.B. Asiatic Studies ; Religious and 

Social. Svo. 12a. 

LYELL (Sir Charles). Student’s Elements of Geology. A new 

Edition, entirely revised byPEOFKSsoE P. M. Duncan, F.R.S. With 
bOv) Illustrations. Post Svo. 9 a. 

Life, Letters, and Journals. Edited by 

hia sister-in-law, Mbs. Lyblu With Portraits. 2 Vols. 8to. 80a. 

o 2 
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LTNDHURST (Lokd). [See Maktin.] 

McCLINTOCK ( Sir L.). Narrative of the Discovery of the 

Fate of Sir John Franklin and hia Companions in the Arctic Seas. 
With Illustrations. Post 8vo. 7i. 8d. 

MACDONALD (A.). Too Late for Gordon and Khartoum. 
With Maps and Plana. 8vo. 12s. 

MACGREGOR (J.). Rob Roy on the Jordan, Nile, Red flea, Gen- 

nesareth, &c. A Canoe Cruise in Palestine and £g 7 pt and the Waters 
of namascus. With 70 Illustrations. Crown 8vo. 7s. 6d. 

MACK AY (Thomas). The English Poor. A Sketch of their 

Social and Economic History; and an attempt to e-itimate the influ- 
ence of private pi operty on character and habit. Crown 8vo. 7s 6iL 

A Plea for Liberty ; an Argument against Socialism and 

Socialistic Legislation. Essays by various Writers. With an Intro- 
duction by Hekbeet Spknckr. Edited by Thomas Mackay. 8vo. 12<. 

MAHON (Lord). [See Stakhopb.] 

MAINE (Sir H. Sumner). Ancient Law : its Connection with the 
Early History of Society, and its Relation to Modern Ideas. 8vo. 9.?. 

Village Communities in the East and West. 8vo. 9«. 

Early History of Institutions. 8vo. 9«. 

Dissertations on Early Law and Custom. 8vo. 9s. 

I. — Popular Government. 11. — Democracy. III. — Age 

of Progress. IV. — The United States. 8vo. 7s, 6d. 

International Law. 8vo. 7s. G(L 

MALCOLM (Sir John). Sketches of Persia. Post 8vo. 3«. 6d, 
MARCO POLO. [See Yule.] 

MARKHAM (Mrs.). History of England. From the First Inva- 
sion by the Romans, continued down to 1880. Woodcuts. 12mo. S». Sd. 

History of France. From the Conquest of Gaul by 

Julius Ctesar, continued down to 1878. Woodcuts. 12mo. 3a. 3d. 

■ History of Germany. From its Invasion by Marius 

to the completlau of Cologne Cathedral. Woodcuts. 12mo. 3s. 3d, 

(Clements R.). A Popular Account of Peruvian Bark 

aad its introduction into British India. With Maps. PostSvo. 14$ 

MARSH (G. P.). Student’s Manual of the English Language. 

Edited with Additions. By Db. Wm. Smith. Post 8vo. 7s. 3d. 

MARTIN (Sir Theodore). Life of Lord Lyndhurst. With 

Portraits. 8vo. 165. 

MASTERS in English Theology. Lectures by Eminent Divines. 

With Introduction by Canon Barry. Post 8vo. 75. 6ti. 

MATTHIJE’S Greek Grammar. Abridged by Blomvibld. 
Revised by £. S. Cbookb. 12mo. 4a. 

MAURBL’S Character, Actions, and Writings of Wellington. 
Fcap. 8vo. Is. 3d. 

MELVILLE (Hermann). Marquesas and South Sea Islands. 

2 Vola. Post 8vo. 7r. 

MEREDITH (Mrs.C.). Notes & Sketches of N.S. Wales. PostSvo. 2s. 
MEXICO. [See Brooklihurst — ^Ruxton.] 

MICHAEL ANGELO, Sculptor, Painter, and Architect. His Life 
and Works. By C. Hbath Wilson. Illustrations. 8vo. 16«. 
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MILLER (Wm.). a Dictionary of English Names of Plants 

applied among Englisli-speaking People to Plants, Trees, and Shrubs. 
In Two Parts. Laiin-EiigliBh and English-Latiu. Medium 8vo. 12a. 

MILMAN’S (Dban) WORKS:— 

History of the Jews, from the earliest Period down to Modern 
Tunes. 3 Vola. Post 8vo. 12a. 

Early Christianity, from the Birth of Christ to the Aboli- 
tion of Paganism In the Koinan Empire. 8 Vols. Post 8vo. 12#. 

Latin Christianity, including that of the Popes to the 
Pontificate of Nicholas V. 9 Vols. Post 8vo. 36s. 

Handbook to St. Paul’s Cathedral. Woodcuts. 10^.6^?.' 
Quinti Horatii Flacoi Opera. Woodcuts. 8m. 8vo. Ts. 6d, 
Fall OP Jerusalem. Fcap. 8vo. 1«. 

(Bishop, D.D. ) Life. With a Selection from his 

Correspondence and Journals. By his Sister. Map. 8vo. 12s. 

MILNE (David, M.A.). A Readable Dictionary of the English 

Language. Etymologically arranged. Ciown 8vo. 7$. 6d 

MINCHIN (J. G.). The Growth of Freedom in the Balkan 
Peninsula. With a Map. Crown 8vo. 10s 6d. 

MISS BLAKE OP MONKSHALTON. By Isabella Ford. A 

New Novel Crown 8vo. 6s. 

MIVART (St. George). Lessons from Nature; as manifested in 
Mind and Matter. 8vo. 15s. 

The Cat. An Introduction to the Study of Backboned 

Animals, especially Mammals. With 200 Illustrations. Medium 8vo. 80s. 

MOGGRIDGE (M. W.). Method in Almsgiving. A Handbook 

for Helpers, Post 8vo. 3s. 6J. 

IMOORE (Thomas). Life and Letters of Lord Byron. [See Byron.] 
MOTLEY (John Lothrop). The Correspondence of. With 
Portrait. 2 Vols 8vo 30s. 

History of the United Netherlands : from the 

Death of William the Silent to the Twelve Years’ Truce, 1609. Portraits. 
4 Vols. Post 8vo. 6a. each. 

Life and Death of John of Barneveld. 

With a View of the Primary Cau-^es and Movements of the Thirty Years’ 
W ar. Illustrations. 2 Vols. Post Hvo 12#. 

MUMMERY (A. F.) and J. A. HOBSON. The Physiology of 
Industry . Being an E.\po8ureof ceitain Fallacies in existing Theories 
of Political Economy. Crown hvo fcs 

MUNRO’S (General) Life and Letters. By Rev. G. R. Glbio. 

Post 8vo. 8#. 6d, 

MUNTHE (Axel). Letters from a Mourning City. Naples dur- 
ing the Autnnin of 1884 Tianslated by Maudb Valkbie Whitk. 
AVith a Frontispiece Ciowu 8vo. 6s. 

MURCHISON (Sir Koderiok). And his Contemporaries. By 
Abouidald Gkikie Poitraits. 2 Vols. 8vo. 30#. 

MURRAY (John). A Publisher and his Friends : Memoir and 
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